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(54) AZETIDINONE DERIVATIVES AND PROCESS FOR 
PREPARATION THEREOF 

(71) We, FUJISAWA PHARMACEUTICAL CO. LTD., a Japanese Com- 
pany of 3, Doshomachi, 4-chome, Higashiku, Osaka, Japan, do hereby declare the inven- 
tion, for which we pray that a patent may be granted to us, and the method by which 
it is to be performed, to be particularly described in and by the following statement: — 

5 BACKGROUND OF THE INVENTION: 5 

The present invention is based on the success of identification of the chemical struc- 
ture of FR — 1923 substance. That is, FR — 1923 substance is a known antibiotic iso- 
lated from the fermentation broth of a strain of the genus Nocardia deposited with the 
American Type Culture Collection under ATCC No. 21806, the details of which are 
10 described for example, in German Patent Specification No. 2^42,699. 10 

In said prior h'teramre, the FR — 1923 substance is defined by the various physico- 
chemical properties without any disclosure of its chemical structure. 

As a result of extensive investigations, the inventors of the present invention have 
succeeded in identifying the chemical structure of the FR — 1923 substance and assign- 
15 ing the following chemical structure and name to said substance. 1 5 




FR— 1923 substance 



1 - (« - Carboxy - 4 - hydroxybenzyl) - 3 - [2 - {4 - (3 - amino - 3 - carboxypropoxy)- 
phenyl} - 2 - hydroxyiminoacetamido ] - 2 - azetidinone 

The above new discovery and knowledge gave the inventors of the present inven- 
20 don the possibility of studying some chemical modifications of FR— 1923 substance for 20 

the first time. Then, based on such facts, the inventors have been making a study of said 
modification so that they have just succeeded in synthesizing a lot of novel and unique 
modified compounds derived from FR — 1923 substance and the related compounds. 
Only for the purpose of illustrating the state of the arts, the known compounds 
25 derived from penicillins and the relevant literatures are mentioned as follows. 25 
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The present invention relates to azetidinone derivatives. More particularly, it 
relates to novel azetidinone derivatives having antimicrobial activities and to process for 
preparation thereof. 

Accordingly, it is an object of the present invention to provide azetidinone deriva- 
tives having antimicrobial activities. 

Another object of the present invention is to provide a process for preparation of 
the azetidinone derivatives. 

The present invention provides a compound of the formula: 



10 or its salt 10 
wherein 

Ri is amino or acylamino, 

A is hydrogen, . . 

a saturated or unsaturated normal aliphatic hydrocarbon residue, which is substj- 
15 tuted by. at least one substituent of carboxy or its derivatives, cyano, hydroxy and amino, 1 5 

an unsaturated branched aliphatic hydrocarbon residue which is substituted by at 
least one subsrituent of carboxy, or its derivatives, cyano, hydroxy and amino, or 

an aliphatic hydrocarbon residue which is substituted by carboxy or its derivatives 
at the first position thereof and by phenyl at the first position thereof whose ring may 
20 be substituted by one or more substituents selected from hydroxy, amino, nhro, alkyl, 20 
alkoxy, aralkoxy, alkylthio, halogen and sulfo; provided that when R t is 2-[4-(3-amino- 
3-carboxypropoxy)phenyl]-2-hydroxyim 

a saturated^ unsaturated normal aliphatic hydrocarbon residue, which is substi- 
25 tuted by at least one subsrituent of carboxy or its derivatives, cyano, hydroxy and amino, 25 
an unsaturated branched aliphatic hydrocarbon residue which is substituted by at 
least one substituent of carboxy or its derivatives, cyano, hydroxy and amino, or 

an ahphatic-hydrocarbon residue which is substituted by carboxy or its derivatives 
at the first position thereof and by phenyl at the first position thereof whose ring may 
30 be substituted by one or more substituents selected from amino, nitro, alkyl, alkoxy, 30 
aralkoxy, alkylthio, halogen and sulfo, 
when 

R! is 2-(2-nitrophenoxy)acetamido or 2-(2-nitrophenoxy)-2-methylpropionamido, 
A is . 
35 a saturated or unsaturated normal aliphatic-hydrocarbon residue which is substi- 35 

tuted by at least one substituent of carboxy or its derivatives, cyano, hydroxy and amino, 
an unsaturated branched aliphatic hydrocarbon residue, which is substituted by at 
least one substituent of carboxy or its derivatives, cyano, hydroxy and amino, or 

an aliphatic hydrocarbon residue which is substituted by carboxy or its derivatives 
40 at the first carbon thereof and by phenyl at the first carbon thereof, whose ring may be 40 

substituted by one or more substituents selected from hydroxy, amino, nitro, alkyl, 
alkoxy, aralkoxy, alkylthio, halogen and sulfo, and 
when 

R 1 is phenylacetamido, 

45 A is hydrogen, . . 45 

a saturated or unsaturated normal aliphatic hydrocarbon residue, which is substi- 
tuted by at least one substituent of carboxy or its derivatives, cyano, hydroxy and amino, 

an aliphatic hydrocarbon residue which is substituted by carboxy or its derivatives 
50 at the first position thereof and by phenyl at the first position thereof, whose ring may 50 

be substituted by one or more substituents selected from hydroxy, amino, nitro, alkyl, 
alkoxy, aralkoxy, alkylthio, halogen and sulfo, 
when 

A is hydrogen, RV is not formamido, benzyloxycarbonylamino or phthalimido, 
55 In another aspect the invention provides a compound of the formula: 55 



-HA 



20 



wherein 

Ri is amino or acylamino, and 

A is hydrogen or 

a group of the formula: 
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Aa 1 
I 



in which 

A» l is hydrogen and 

-At* is hydrogen or phenyl which may be substituted by at least one substituent 
selected from hydroxy, amino, nitro, alky], alkoxy, aralkoxy, alkylthio and halogen or 
t0 A. 1 and A. 1 together form alky li dene, and \q 

A. 3 is carboxy or its derivatives, or cyano, 
provided that, 
when 

Ri is 2-[4-(3-animo-3-carboxypropoxy)phenyy^ 

A is not a*^oxy-4-hydroxybenzyf or its derivatives at the carboxy group; 1 5 

when 

Ri is 2- ( 2-nitrophenoxy ) acetamido, 2-(2-nitrophenoxy)-2-2-methy^)ropionamido i 
formamido, benzyloxycarbonylamino or phthalimido, 
A is a group of the formula: 

Aa 1 



L 9 



R '-p 



20 



in which 

A, 1 , A, 2 and A» 3 are as denned above, and 
when 

Ri is phenylacetamido, 

IS A is hydrogen, or 25 

a group of the formula: 

A, 1 
— t-A a * 

L> 

in which 

A. 1 is hydro gn, 

) A»* is hydrogen or phenyl which may be substituted by at least one substituent 30 

selected from hydroxy, amino, nitro, alkyl, alkoxy, aralkoxy, alkylthio, and halogen, and 
A* 3 is as defined above. 

In another aspect the invention provides a process for preparing a compound of the 
formula: 



' 12. 35 

wherein 

R/ is acylamino, and 
A is hydrogen, 

a saturated or unsaturated normal aliphatic hydrocarbon residue, which is substi- 
tuted by at least one substituent fo carboxy of its derivatives, cyano, hydroxy and amino, 40 

a saturated branched aliphatic hydrocarbon residue which is substituted by at least 
one substituent of carboxy or its derivatives, cyano, hydroxy and amino, 

an unsaturated branched aliphatic hydrocarbon residue which is substituted by at 
least one substituent of carboxy or its derivatives, cyano, hydroxy and amino, or 

an aliphatic hydrocarbon residue substituted by carboxy or its derivatives at the 45 
first position thereof and by phenyl at the first position thereof, which may be substi- 
tuted by one or more substituents selected from hydroxy, amino, nitro, alkyl, alkoxy, 
aralkoxy, alkylthio, halogen and sulfo; 
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which comprises reacting a compound of the formula: 



J 1— N— / 



wherein A is as defined above, with an acylating agent. 

According to the present invention, the azetidinone derivatives (I) can be prepared 
by various methods, which are illustrated collectively by the following scheme for 
convenience's sake. 

(f) Process i '. 
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(6) Process ff: 
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(28) Process 28: 
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With regard to the process as illustrated above, it is to be understood that the 
Process 1 and Process 2 are fundamental process and the remaining Processes are 
alternative ones. 

The definitions of the symbols used in the above formulae are mentioned in the 
5 following. 5 
Ri is as defined above; 
A is as defined above; 

A' is as defined in the symbol " A " excepting hydrogen; 
R/ is acylamino; 

10 Y is oxalo, esterified oxalo, or alkyl whose first carbon is substituted by protected 10 

amino or protected hydroxy; 
R s is amino or acylamino; 
R 3 is amino or acylamino; 
R 4 is oxo or hydroxyimino; 

15 Rs is amino or hydroxy; 15 

Re and R, are combined to form oxo or hydroxyiminOj or Rs is hydrogen, and Rr 
is amino or hydroxy; 
Rfl is acylamino; 

R, and R 1() are combined to form oxo or hydroxyimino, or Ro is hydrogen and Rn, 
20 is amino, hydroxy, acylamino or acyloxy; 20 
X a is acid residue; 

A x is bivalent aliphatic hydrocarbon radical; 
Rn is residue of nucleophile; 

R ia is acyl having protected amino, protected hydroxy or protected carboxy 
25 function(s); 25 
R X a' is acyl having amino, hydroxy or carboxy function(s) ; 
R 1S is hydrogen or alkyl; 
X 2 is hydrogen or halogen; 
R X4 is acyl; 

30 X 3 is hydrogen or halogen; 30 

X* is halogen; 

R w is hydrogen, alkyl, aryl, aralkyl, aryloxy, heterocyclic group or heterocyclic 
alkyl; 

Ri„ is amino or hydrocarbon residue having amino; 
35 R I7 is acylamino or acylarmno-substimted-hydrocarbon residue; 35 

Ria is hydrogen or aryl; 
Rio is alkyl, N-arylcarbamoylalkyl or aryl; 
R 3i i is amino or acylamino; 

R21 is aryl substituted by at least one substituent of nitro and esterified carboxy; 
40 Raa is arylamino whose aryl ring is substituted by at least one substituent of nitro 40 

and esterified carboxy, or acylamino; 
R 23 is mono- or di-alkylamino; 
R 2 , is nitroaryl; 
Rjj is aminoaryl; 

1$ R; 6 is hydrogen or aryl; 45 

X 4 is hydrogen or halogen; 
A 2 is bivalent aliphatic hydrocarbon radical; 
R27 is hydroxy, alkoxy or alkanoylamino; 
Ri, is acylamino; 

)0 Re^ is acylamino; 50 

R»„ and ^ are combined to form oxo or hydroxyimino, or Rs, is hydrogen and 
Rai is hydroxy; 

R 32 and R 33 are hydrogen or alkyl; 
Rs, is acylamino; 

R to and Ra, are combined to form oxo or hydroxyimino, or R SJ is hydrogen and 55 
Ra, is acylamino or hydroxy; 

R.i T and R aH are combined to form oxo, hydroxyimino, alkoxyimino, or substituted 
alkoxyimino or, Ra T is hydrogen and R&, is acylamino, hydroxy, alkoxy or acyloxyalkoxy; 

R S(l is alkyl or substituted alkyl; 

R 4U is hydrogen, alkyl or aralkyl; 60 
Ru is alkyl or substituted alkyl; 
R i8 is alkyl, aryl or aralkyl; 
A s is alkylene; 

A t is bivalent aliphatic hydrocarbon radical; 



12 
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R< 8 is aryl, substituted by at least one substituent of nhro and esterified carboxy or 
aromatic heterocyclic group; 
R a is aralkyl; 
R 45 is alkyl; 

5 R M is hydrogen or alkyl; 5 

Rtr is carboxy or its derivative; 
R« a is a protected amino; 

R 40 is an acylamino having carboxy or its reactive derivative; 

Rs Q is an acylamino having carbazoyl, N- (hydroxy alkyl) carbamoyl or N-aralkyl- 
10 carbamoyl; 10 

Rax is an acylamino having amino; 

R aa is an acylamino having esterified carboxyalkylammo; 

Rss is an acylamino having alkenyl substituted by esterified carboxy; 

R, t is an acylamino having nitro or azido; 
15 R 3J is an acylamino having one group selected from formyl, alkanoyl and aroyl; 15 

R DB is an acylamino having hydroxy alkyl or oc-hydroxyaralkyl; 

Rs T is aralkyiamino; 

X« is halogen; 

Ras, Rb, and R fl0 are each alkyl; and 
20 Rfii is aralkanoylamino; 20 

Examples of the definitions for the above symbols are illustrated below, respectively. 
With respect to the compounds (I), (HI'), (IV), (XXXXIIT) and (XXXXIV). 

An acyl moiety in the acylamino for R x may include an aliphatic acyl, an aromatic 
acyl, a heterocyclic acyl and an aliphatic acyl whose aliphatic moiety is substituted by 
25 aromatic group or heterocyclic group. Examples of such acyl are illustrated in the 25 

following; 

An aliphatic moiety in said aliphatic acyl may include saturated or unsaturated 
acyclic or cyclic hydrocarbon residue, in which the acyclic hydrocarbon residue may be 
branched and partially cyclized. Suitable examples of said acyclic or alicyclic hydro- 
30 carbon residue (hereinafter referred to aliphatic-hydrocarbon residue) are mentioned in 30 

more concrete as follows. 

— alkyl (eg., methyl, ethyl, propyl, butyl, isobutyl, pentyl, neopentyl, octyl, undecyl, 
tridecyl, pentadecyl, cyclohexylmethyl, cyclohexylethyl, bomanyl); 

— alkenyl (eg., vinyl, propenyl, isopropenyl, 3-methyIbutenyl, butenyl, 2-methyl- 

35 propenyl, pentenyL, octadecenyl, 3-cyclohexenylmethyI) ; 35 

— alkynyl (eg., ethynyl, 2-propynyl) ; 

— cycloalkyi (e.g., cyclopropyl, cyclopentyl, cyclohexyl, indanyl, bornyl, adamantyl); 
and 

— cycloalkenyl (e.g., 1-cyclopenten-l-yl, 2-cyclopenten-l-yl, 3-cyclohexene-l-yl, 

40 bomenyl). 40 

A suitable aromatic group in said aromatic acyl may include aryl such as phenyl, 
tolyl (or) naphthyl 

A heterocyclic group in said heterocyclic acyl may include monocyclic or poly- 
cyclic heterocyclic group containing at least one hetero-atom such as oxygen, sulfur or 
45 nitrogen. Suitable examples of said heterocyclic group are mentioned in more concrete 45 

as follows. 

— a 3- to 8- membered monocyclic heterocyclic group containing at least one sulfur 
atom (eg., thienyl dmydrothiopyranyl) ; 

— a 3- to 8- membered monocyclic heterocyclic group containing at least one oxygen 

50 atom (eg., oxiranyl, furyl, dihydrofuryl, pyranyl, dihydropyranyl, tetrahydro- 50 

pyranyl, dioxanvl); 

— a 3- to 8- membered monocyclic heterocyclic group containing at least one nitrogen 
atom (eg., aziridinyi, azetidinyl, pyrrolyl, 2- or 3H-pyrrolyl, 2 or 3 pyrrolinyl, 
pyrrolidinyl, imidazolyl, imidazolidinyl, pyrazolyl, pyridyl, pyrimidyl, pyrazinyl, 

55 piperidinyl, pyridazinyl, tetrazolyl); 55 

— a 3- to 8- membered monocyclic heterocyclic group containing at least one oxygen 
atom and at least one nitrogen atom (eg., oxazolyl, isoxazolyl, oxadiazolyl, 
sydnonyl); 

— a 3- to 8- membered monocyclic heterocyclic group containing at least one sulfur 

60 atom and at least one nitrogen atom (eg., thiazoly£ isothiazolyl, thiadiazolyl) ; 60 

— a polycyclic heterocyclic group containing at least one sulfur atom (e.g., benzene- 
fused heterocyclic group such as benzothienyl, benzothiopyranyl) ; 

— a polycycle heterocyclic group containing at least one nitrogen atom (e.g., indolyl, 
isoindolyl, indolizinyl, benzimidazolyl, quinolyl, isoquinoyl, dihydroisoquinolyl, 

65 quinazolyl, 1 or 2H-indazolyl, 1 or 2H-benzotriazolyl, purinylj carbazolyl); 65 



13 1,519,495 _13_ 

— a polycyclic heterocyclic group containing at least one oxygen atom and at least 
one nitrogen atom (e.g.) benzoxazolyl, benzoxadiazolyl) ; and 

— a polycyclic heterocyclic group containing at least one sulfur atom and at least one 
nitrogen atom (e.g., benzotbiazoryl, benzothiadiazolyl) . 

5 An aliphatic moiety in said aliphatic acyl whose aliphatic moiety is substituted by 5 

aromatic group or heterocyclic group is intended to mean the same meaning as defined 
in the above explanation of the aliphatic moiety in die aliphatic acyl, and include the 
same suitable examples thereof as stated in more concrete above. And in the same 
manner, each of the aromatic group and an heterocyclic group also is intended to mean 

10 the same meaning as denned in the above explanation of the aromatic group in the 10 
aromatic acyl and of the heterocyclic group in die heterocyclic acyl as well, and include 
the same suitable examples thereof as stated in mode concrete above, respectively. 

The optional carbon atom of the aliphatic acyl as denned above may be replaced 
and/or interrupted by one or more radicals selected from a bivalent aromatic radical, 

15 a bivalent heterocyclic radical, — O— , — N=, — S— >, —SO—, — SO*— * and — NH— 1 5 
whose hydrogen atom may be replaced by alkyl or aryl. 

Each of the aliphatic moiety, aromatic group and heterocyclic group in the aliphatic 
acylamino, the aromatic acylamino, the heterocyclic acylamino and the aliphatic acyl- 
amino whose aliphatic moiety is substituted by aromatic group or heterocyclic group as 

20 defined above may optionally be substituted by one or more substttuents selected from 20 
halogen, nitro, amino, carboxy, esterifiedcarboxy, hydroxy, — N», — CN, — NHNH 2 > 
= 0, =NH, = S, sulfo and — NOH whose hydrogen atom may be replaced by alkyl 
or aralkyl, and the said heterocyclic group in the foregoing acylamino group may 
optionally be substituted by alkyl and/or an aromatic group. 

25 Particularly suitable examples of the aforementioned acylamino for Ri may be 25 

illustrated as follows. 

— alkanoylamino; 

— alkenoylamino; 

— aroylamino; 

30 — heterocycle carbonylamino; 30 

— alkanoylamino substituted by aryl or heterocyclic group; 

— alkenoylamino substituted by aryl or heterocyclic group; 

— alkanoyl or alkenyl amino, whose optional carbon chain (s) is interrupted by 
bivalent-aromatic radical and/or bivalentheterocyclic radical; 

35 — alkanoyl or alkenyl amino substituted by aryl and/or heterocyclic group, in which 35 

an optional carbon chain (s) of the acyclic hydrocarbon moiety is interrupted by 
bivalent-aromatic radical and/or bivalent-heterocyclic radical; 

— alkanoyl or alkenyl amino substituted by aryl and/or heterocyclic group, in which 
an optional carbon chain (s) of the acyclic hydrocarbon moiety is interrupted by 

40 one or more radicals selected from — O — , — N = , — S — , 40 




— S0 2 — , and — NH — whose hydrogen atom may be replaced by alkyl or aryl; 
— alkanoyl or alkenoyl amino substituted by aryl and/or heterocyclic group, in which 
an optional carbon chain(s) of the acyclic hydrocarbon moiety is interrupted by 
45 aromatic radical and/or bivalent heterocyclic radical, and further is interrupted 45 

by one or more radicals selected from — O — y — N=, — S — , 



6 



— SOi — , and — NH— whose hydrogen atom may be replaced by alkyl or aryl; 
— alkanoyl or alkenyl amino whose optional carbon chain is interrupted by one or 
50 more radicals selected from — 0 — , — N = , — S— , 50 

O 



— S0 2 — , and — NH — whose hydrogen atom may be replaced by alkyl or aryl; 
— alkanoyl or alkenoyl amino whose optional carbon chain is interrupted by bivalent- 
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aromatic radical and/or bivalent heterocyclic radical and farther interrupted by 
one or more radicals selected from — 0 — , — N — , 5 



b 

— SOz--, and — NH — whose hydrogen atom may be replaced by alkyl or aryl; 
5 — aroylamino or heterocycle carbonylamino, in which the bond between the ring and 

the carbonyl is interrupted by one or more radicals selected from — 0 — , — N-, 
— S— — , 

— $—> 

i 

o 

— S0 2 — i and — 'NH — , whose hydrogen atom may be replaced by alkyl or aryl; 
10 — alkanoyl or alkenoyl amino substituted by cycloaUtyl, aryl and/or heterocyclic 
group, in which the bond between such ring and the acyclic hydrocarbon moiety is 
interrupted by one or more radicals selected from — 0 — , — N = , S , 

4 

SOa, and — NH— , whose hydrogen atom may be replaced by alkyl or aryl; 
15 — alkanoyl or alkenoyl amino substituted by cycloalkyl, aryl and/or heterocyclic 
group, in which each of the bond between the ring and the acyclic hydrocarbon 
moiety and an optional carbon chain of the acyclic hydrocarbon moiety is inter- 
rupted by bivalent-aromatic radical and/or bivalent heterocyclic radical, and/or 
one or more radicals selected from — 0 — > — N = , — S , 

20 



h 

-7-SO a -- and — NH— , whose hydrogen atom may be replaced by alkyl or aryl, 

— aroylamino or heterocycle carbonylamino in which the bond between the ring and 
the carbonyl is interrupted by one or more bivalent-aromatic radical and /or 
bivalent-heterocyclic radical; 

25 — alkanoyl or alkenoyl amino substituted by aryl and/or heterocyclic group, in which 
the bond between the ring and the acyclic hydrocarbon moiety are interrupted by 
bivalent-aromatic radical and/or bivalent-heterocyclic radical, and further one or 
more radicals selected from — 0— , — N = , — S— , 

* 

30 — S0 2 — and — NH— , whose hydrogen atom may be replaced by alkyl or aryl, and 

— alkanoyl or alkenoyl amino substituted by aryl and/or heterocyclic group, in whici 
the bond between the ring and the acyclic hydrocarbon moiety is interrupted by 
one or more bivalent-aromatic radicals and/or bivalent-heterocyclic radicals; 

An optional carbon atom of above defined acylamino group may be substituted by 
35 one or more substituents selected from halogen, nitro, amino, carboxy, esterified 
carboy hydroxy, — N 5J — CN, — NHNH*, =0, =NH, =S, sulfo, =NOH whose 
hydrogen atom may be replaced by alkyl or aralkyl, and the heterocyclic group in the 
foregoing acylamino group may optionally be substituted by alkyl. 

More particularly suitable examples of the acylamino for Ri may be illustrated as 
40 follows: 

— alkanoylamino, in which an optional carbon chain is interrupted by one phenykne 
and further optional carbon atoms are substituted by one halogen and one oxo; 

— phenylalkanoylamino, in which an optional carbon atom may be substituted by one 
substituent selected from amino, carboxy, esterified carboxy, hydroxy, halogen, 

45 nitro, sulfo, oxo, hydioxyimino and benzyloxyimino; 

— naphthylalkanoylamino; 
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— dihydropyranylalkanoylamino, in which an optional carbon atom is substituted by 
one hydroxy; 

— morphob'noalkanoylamino; 

— thien^lalkanoylamino in which an optional carbon atom may be substituted by one 

5 substituent selected from amino, hydroxy, oxo and hydroxyimino; 5 

— ■ furylalkanoylamino; 

— tetrazolylaikanoylamino; 

— indolylalkanoylamino, in which an optional carbon atom is substituted by one 
amino j 

*0 — diphenylalkanoylamino; 10 

— alkanoylamino substituted by phenyl and thienyl; 
— - 3 -alkyl- 1,2,5 -oxfldiazol-4-yl-alkanoylamino; 

— phenyiall^ylamino; 

— phenylalkanoylamino, in which an optional carbon chain of the alkane moiety is 

15 interrupted by one phenylene; 1 5 

— phenylalkanoylamino, in which an optional carbon chain of the alkane moiety is 
interrupted by one or two bivalent radicals selected from — 0— ^ — N=, — S— > 
— NH— -, 

— N— and — S-^ 

I 
O 



20 and further an optional carbon atoro(s) of the group thus defined may be substi- 20 

tuted by one to four subsrituents selected from amino, carboxy, esterified carboxy, 
halogen, oxo and = NH; 

— thienylalkanoylamino, in which an optional carbon chain (s) of the alkane moiety 
is interrupted by one to two bivalent radicals selected from — O — , — S — and 

25 — NH — , and further an optional carbon atom(s) of the group thus defined is sub- 25 
stituted by one to four subsrituents selected from amino, carboxy, halogen and 
oxo; 

— dihydropyranylalkanoylamino, in which an optional carbon chain of the alkane 
moiety is interrupted by — NH — and an optional carbon atom of the group thus 

30 defined is substituted by halogen; 30 

— diphenylalkanoylamin 0, in which an optional carbon chain(s) of the alkane moiety 
is interrupted by one to three bivalent radicals selected from —O—, — N= and 
— NH — , and further an optional carbon atom(s) of the group thus defined may 
be substituted by one or two substi tuents selected from carboxy, hydroxy and oxo; 

35 — alkanoylamino substituted by phenyl and thienyl, in which an optional carbon 35 

chairi(s) of the alkane moiety is interrupted by one to two bivalent radicals selected 
from —O — , — N= and — NH — «, and further an optional carbon atom(s) of the 
group thus denned may be substituted by one to five subsrituents selected from 
amino, halogen, oxo and thioxo; 

— alkanoylamino substituted by phenyl and indolyl, in which an optional carbon 40 
chain(s) of the alkane moiety is interrupted by one — O— and one — NH— and 
further an optional carbon atom of the group thus defined is substituted by one 
oxo; 

— alkanoylamino substituted by phenyl and benzo [d] isoxazoJyl, in which an optional, 
carbon chain(s) of the alkane moiety is interrupted by one — O — and one 45 
— NH — , and further an optional carbon atom of the group thus defined is substi- 
tuted by one oxo; 

— phenylalkanoylamino, in which an optional carbon chain (s) of the alkane moiety is 
interrupted by one or two bivalent radicals selected from phenylene, 2-oxo-azetidin- 
1,3-diyi, l,3,4-thiadiazol-l,5-diyI and l,3-oxazoh'din-3,4-diyl and one to four 50 
bivalent radicals selected from — 0— , — N=, — S— , — NH — and 

-N-, 



and further an optional atom(s) of the group thus defined may be substituted by 

one to six subsrituents selected from amino, halogen, hydroxy, esterified carboxy, 

oxo, hydroxyimino, benzyloxyimino and hydrazino; 55 

thienylalkanoylamino, in which an optional carbon chain(s) of the alkane moiety 

is interrupted by one phenylene, and two bivalent radicals selected from — O — 
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and — 'NH — and further an optional carbon atom(s) of the group thus denned is 
substituted by carboxy, oxo and hydroxyimino; 

— benzo[c]pyrroh*dmylaikanoyianiino, in which an optional carbon chain of the 
alkane moiety is interrupted by one phenylene and one — O — , and further optional 

5 carbon atoms of the group thus denned are substituted by four substituents selected 5 

from amino, carboxy, hydroxy, esterified carboxy, oxo, hydroxyimino and 
methoxyimino; 

— diphenylalkanoylamino, in which optional carbon chains of the alkane moiety are 
interrupted by one phenylene and one — O — and one — NH — s and further an 

10 optional carbon atnm(s) of the group thus defined is substituted by two to four 10 

substituents selected from amino, halogen, nitro, oxo and hydroxyimino; 

— alkanoylamino substituted by phenyl and furyl, in which optional carbon chains of 
the alkane moiety are interrupted by one phenylene ana one — NH — and one 
— O— i and further an optional carbon atom(s) of the group thus defined is sub- 

1 5 stituted by three substituents selected from halogen and oxo; 1 5 

— alkanoylamino, in which an optional carbon chai n (s ) is interrupted by one or two 
bivalent radicals selected from — 0 — y — S— , —NH— , — SO, — and 



and further an optional carbon atom(s) of the group thus defined may be substi- 
20 tuted by one to two substituents selected from ammo, azido, carboxy, hydroxy, 20 

oxo, thioxo and — NH; 

— alkenoylamino, whose optional carbon chain is interrupted by one — S — ; 

— alkanoylamino, in which an optional carbon cham(s) is interrupted by one or two 
phenylenes and one to five bivalent radicals selected from — 0— * — N-, — S — * 

25 — NH — and 25 

CH, 



30 



and further an optional carbon atom(s) of the group thus defined may be substi- 
tuted by one to seven substituents selected from amino, carboxy, hydroxy, halogen, 
azido, sulfo, esterified carboxy, oxo, thioxo, hydroxyimino and methoxyimino; 
30 — alkanoylamino, in which an optional carbon chain is interrupted by one 1,3*4- 

thiadiazol-2,5 -ndiyl and one or two bivalent radicals selected from — S — and 
— NH — y and further an optional carbon atom(s) of the group thus defined is sub- 
stituted by one or six substituents selected from amino, hydroxy and oxo; 

— alkenoylamino, in which an optional carbon chain is interrupted by one phenylene 

35 and one or two bivalent radicals selected from — O — and — -NH— , and further 35 

an optional carbon atom(s) of the group thus defined is substituted by one or three 
substituents selected from carboxy, esterified carboxy, nitro, oxo and hydrpxyirnino; 

— l^-oxazoUdinylcarbonyiaminOj in which the bond between the 1,2-oxazoKdinyl and 
the carbonyl is interrupted by — NH — } and further an optional carbon atom of the 

40 group thus defined is substituted by one oxo; 40 

— bicyclo [2,2,1 ]heptylaIkanoylamino, in which the bond between the bicycle [2,2,1]- 
heptyl and the alkane moiety is interrupted by one — 0 — * and further an optional 
carbon atom(s) of the bicyclo [2,2,1] heptane ring is substituted by three alkyl; 

— phenylalkanoylarnino, in which the bond between the phenyl and the alkane moiety 

45 is interrupted by one or two bivalent radicals selected from — 0 — 3 — S — > — NH — 45 

and — S0 2 — , and further an optional carbon atom of the group thus defined may 
be substituted by one substituent selected from halogen and nitro; 

— naphthylalkanoylamino, in which the bond between the naphthyl and the alkane 
moiety is interrupted by one bivalent radical selected from — O — and — NH— ; 

50 — pyricrylalkanoylamino, in which the bond between the pyridyl and the alkane 50 

moiety is interrupted by one — O — ; 

— 1,3,4-thiadia zolylalkanoylamino, in which the bond between the 1,3,4-thiadiazolyl 
and the alkane moiety is interrupted by one — S — ; 

— 1 H- 1,2,3-bmzotriazolylalkanoylamino, in which the bond between the lH-1^3- 

55 benzotriazolyl and the alkane moiety is interrupted by one — O — ; 55 

— pyridyl- 1-oxidealkanoylamino, in which the bond between the pyridyl-1 -oxide and 
the alkane moiety is interrupted by one — S— ; 
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— diphenylalkanoylamino, in which the bond between the one or two phenyl and the 
alkane moiety is interrupted by one or two bivalent radicals selected from — O — , 
— S— ^ — NH — and — SOz — , and further an optional carbon atom(s) of the 
group thus denned is substituted by one or two substituents selected from nitro, 

5 carboxy, halogen, hydroxy and oxo; 5 

— alkanoyiamino substituted by phenyl and naphthyl, in which die bond between the 
naphthyl and the alkane moiety is interrupted by one — 0 — ; 

— alkanoyiamino substituted by phenyl and pyrimidinyl, in which the bond between 
the pyrimidinyl and the alkane moiety is interrupted by — S — <, and further an 

10 optional carbon atom(s) of the group thus defined is substituted by one amino 10 

and one hydroxy; 

— alkanoyiamino substituted by bicydo[2A-]heptyi and phenyl, in which the bond 
between die bicyclo [ 2^,1 ]heptyl and the alkane moiety is interrupted by one 
— O — and an optional carbon chain of the alkane moiety is interrupted by one 

15 — NH — , and further an optional carbon atom of the alkane moiety is substituted 15 
by oxo and optional carbon atoms of the bicyclo [2,2,1] heptane ring are substituted 
by three alkyl, 

— fflphenylalkanoylamino, in which the bond between one of the diphenyl and the 
alkane moiety is interrupted by one or two bivalent radicals selected from — O — , 

20 — NH— , — S— , 20 



— SO,— and 




and an optional carbon chain of the alkane moiety is interrupted by one or two 
25 bivalent radicals selected from — NH— and — S — and further an optional carbon 25 

atcnrr(s) of the group thus defined is substituted by one to three substituents 

selected from carboxy, esterified carboxy, halogen, nitro and oxo, 
— ' alkanoyiamino substituted by 9H-purinyl and phenyl, in which the bond between 

the 9H-purinyl and the alkane moiety is interrupted by one — S— and an optional 
50 carbon chain of the alkane moiety is interrupted by one — NH — > and further an 30 

optional carbon atom of the group thus defined is substituted by one oxo, 

— alkanoyiamino substituted by phenyl and thienyl, in which the bond between the 
phenyl and the alkane moiety is interrupted by one bivalent radical selected from 
— O — and — NH — and an optional carbon chain of the alkane moiety is inter- 

35 rupted by one — NH — , and further optional carbon atoms of the group thus 35 

defined are substituted by three substituents selected from esterified carboxy, 
halogen, nitro and oxo, 

— alkanoyiamino substituted by phenyl and pyridyl-l -oxide, in which die bond 
between the pyridyl-l-oxide and the alkane moiety is interrupted by one — S — 

40 and an optional carbon chain of the alkane moiety is interrupted by one — NH — , 40 

and further an optional carbon atom of the group thus defined is substituted by 
oxo, 

— alkanoyiamino substituted by naphthyl and phenyl, in which the bond between the 
naphthyl and the alkane moiety is interrupted by one bivalent radical selected from 

45 — O — and — NH — and an optional carbon chain of the alkane moiety is inter- 45 
rupted by one or two bivalent radicals selected from —O—, — S — > — NH— and 

— S- 



4 



and further an optional carbon atom of the group thus defined is substituted by oxo, 
-~ alkanoyiamino substituted by phenyl and pyrimidinyl, in which the bond between 
50 the pyrimidinyl and the alkane moiety is interrupted by one — S— and an optional 50 

carbon chain of the alkane moiety is interrupted by one — NH — > and further 
optional carbon atoms of the group thus defined are substituted by one amino, ono 
hydroxy and one oxo, 
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— tripbenylalkanoylamino, in which the bond between the one or two phenyls and 
the alkane moiety is interrupted by one or two bivalent radicals selected from 
— O — and — NH — and an optional carbon chain of the alkane moiety is inter- 
rupted by one — NH — , and further an optional carbon atom(s) of the group thus 

5 defined is substituted by one or two substituents selected from halogen and oxo, 5 

— alkanoylainino substituted by naphthyl and diphenyl, in which the bond between 
the naphthyl and the alkane moiety is interrupted by one — 0 — and an optional 
carbon chain of the alkane moiety is interrupted by one — NH — , and further an 
optional carbon atom of the group thus defined is substituted by oxo, 

10 — alkanoylamino substituted by dinaphthyl and phenyl, in which the bond between 10 

the two npahthyl and the alkane moiety is interrupted by one — O — and an 
optional carbon chain of the alkane moiety is interrupted by one — NH — , and 
further an optional carbon atom of the group thus denned is substituted by oxo, 

— phenylalkanoylamino, in which the bond between the phenyl and the alkane moiety 

15 is interrupted by one bivalent radical selected from — O — , — NH — and — S — 15 

and optional carbon chains of the alkane moiety are interrupted by one phenylene 
and one to three bivalent radicals selected from — O — and — NH — , and further 
an optional carbon atom(s) of the group thus defined is substituted by one to five 
substituents selected from carboxy, esterified carboxy, halogen, nitro, oxo, thioxo 

20 and hydroxyimino, 20 

— napnthylalkanoylamuio, in which the bond between the naphthyl and the alkane 
moiety is interrupted by one — NH — and optional carbon chains of the alkane 
moiety are interrupted by one phenylene and three bivalent radicals selected from 
— O — and — NH-— j and further optional carbon atoms of the group thus defined 

25 are substituted by one carboxy, one oxo and one thioxo, 25 

— > alkanoylamino substituted by pyridyl and phenyl, in which the bond between the 
pyridyl and the alkane moiety is interrupted by one — S — and the optional carbon 
chains of the alkane moiety are interrupted by two phenylenes and three bivalent 
radicals selected from — O — and — NH— , and further optional carbon atoms of 

30 the group thus defined are substituted by four substituents selected from halogen 30 

and oxo, 

— alkanoylamino substituted by phenyl and benzo[c]pyrroHdinyI a in which the bond 
between the phenyl and the alkane moiety is interrupted by one — NH — and an 
optional carbon chain (s) of the alkane moiety is interrupted by one phenylene and 

35 one — 0 — , and further optional carbon atoms of the group thus defined are sub- 35 

stituted by five substituents selected from carboxy, esterjfied carboxy, nitro and 
oxo, 

— cUphenylalkancylarnino, in which the bond between the one or two phenyls and 
the alkane moiety is interrupted by one or two — NH — and an optional carbon 

40 chain (s) of the alkane moiety is interrupted by one phenylene and one to three 40 

bivalent radicals selected from — O — and — NH — , and further an optional carbon 
atom(s) of the group thus defined is substituted by one to five substituents selected 
from carboxy, nitro, esterified carboxy, oxo and thioxo, 

— conaphthylalkanoylamino, in which bonds between the two naphthyl and the alkane 

45 moiety are interrupted by one — NH — and optional carbon chains of the alkane 45 

moiety are interrupted by one phenylene and three bivalent radicals selected from 
— O — and — NH — , and further optional carbon atoms of the group thus defined 
are substituted by three substituents selected from carboxy and thioxo, 

— alkanoylamino substituted by phenyl and thienyl, in which the bond between the 

50 thienyl and the alkane moiety is interrupted by one tetrazol-l,5-diyl and an 50 

optional carbon chain of the alkane moiety is interrupted by one — NH — , and 
further an optional carbon atom of the group thus defined is substituted by one 
oxo, 

— phenylalkanoylamino, in which the bond between the phenyl and the alkane moiety 

55 is interrupted by one — 0 — and an optional carbon chain of the alkane moiety is 55 

interrupted by one — NH— , and further the optional carbon atoms of the group 
thus defined are substituted by one halogen, one nitro and one oxo, 

— diphenylalkanoylamino, in which the bond between the phenyl and the alkane 
moiety is interrupted by one phenylene and one — 0 — and an optional carbon 

60 chain of the alkane moiety is interrupted by one — NH — , and further an optional 60 

carbon atom of the group thus defined is substituted by one oxo, 

— diphenylalkanoylamino, in which the bond between the phenyl and the alkane 
moiety is interrupted by one isoxazol-3,4-diyl which is substituted by one alkyl and 
an optional carbon chain of the alkane moiety is interrupted by one — NH — , and 
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further an optional carbon atom of the group thus defined is substituted by one 
oxo, 

— benzamido, in which the bond between the phenyl and the carbonyl is interrupted 
by isoxazol-3,4-diyl which is substituted by one alkyl, and further an optional 

5 carbon atom of the group thus defined is substituted by halogen, 5 

— phenylalkanoylamino, in which the bond between the phenyl and the alkane moiety 
is interrupted by one bivalent radical selected from phenylene and 1,3,5-oxadiazol- 
2,4-diyl and one or two bivalent radicals selected from — O — , — NH — and 
—SOi—, and further the optional carbon atom of the group thus denned may be 

10 substituted by one carboxy and one hydroxy, 10 

— phenylalkanoylamino, in which the bond between the phenyl and the alkane moiety 
is intern pted by one 4,5-dihydro-lj2,4-oxadiazol-3,4-diyl, and an optional carbon 
atom of the group thus denned is substituted by one oxo, 

— thienylalkanoylamino, in which the bond between the thienyl and the alkane moiety 

15 is interrupted by IH-tetrazoI-ljS-diyL 15 

With respect to the compounds (I), (I'), (II), (XXXXV), (XXXXVI), 
(XXXXVII), (XXXXVIII), (XXXXXII), (XXXXXlri) and (XXXXXIV): 
Suitable examples of saturated or unsaturated normal (or branched) aliphatic hydro- 
carbon moeity in the definition for " A " may include alkyl which may be branched 

20 (eg. methyl, ethyl, propyl, butyl, pentyl, isopropyl, 1-methylpropyl, isobutyl, tert- 20 
butyl, methylbutyl, methylpentyl, ethylpropyl, ethylbutyl, neopentyl, dimethylbutyl) 
and alkenyl, which may be branched, (e.g. 1-propenyl, allyl, 1-butenyl, 1-pentenyl, iso- 
propenyl, methylpropenyl, methylbutenyl, methylpentenyl, ethylpropenyl, ethylbutenyl, 
dimeihylpropenyl, dimethylbutenyL 

25 In this specification the term "lower", when used to qualify organic radicals, 25 

means containing from 1 to 6 carbon atoms. 

Suitable examples of the derivative of carboxy in saturated or unsaturated normal 
(or branched) aliphatic hydrocarbon residue which is substituted by at least one sub- 
srituent of carboxy or the derivative of carboxy, cyano, hydroxy and amino may include 

30 an ester, an add amide and a salt, and are exemplified as follows. 30 

(a) Ester: 

Esters are conventional ones, including silyl esters, aliphatic esters and esters con- 
taining an aromatic or a heterocyclic ring. 

The suitable silyl esters may be illustrated by examples of a tri- (lower) alkylsilyl 35 
35 (e.g. trimethylsilyl, triethylsilyl) esters. 

The suitable aliphatic esters may include saturated or unsaturated acyclic or cyclic 
aliphatic esters which may be branched or which may contain a cyclic ring, such as ali- 
phatic esters, for example, alkyl (e.g. methyl, ethyl, propyl, isopropyl, l-cyclopropyl- 
ethyl, butyl, tert-butyl, octyl, nonyl, undecyl) esters; alkenyl (e.g., vinyl, 1-propenyl, 40 
allyl, 3-butenyl) esters; alkynyl (e.g., 3-butynyl, 4-pentynyl) esters; cycloa&yl (e.g., 
cyclopemyl, cyclohexyl, cycloheptyl) esters; and aliphatic esters containing at least one 
heteroatom of nitrogen, sulfur and oxygen atom, for example, lower alkoxyalkyl (e.g., 
methoxymethyl, ethoxyethyl, methoxyethyl) esters; lower alkanoyloxyalkyl (e.g., 
acetoxymethyl, propionyloxymethyl, pivaloyloxymethyl) esters; alkylthioalkyl (e.g., 45 
45 methylthiomethyi, ethylthioethyl, methyltniopropyl) esters; dialkylamino (e.g., 
dimethylamino, diethylamino, dipropyl amino) esters; alkylideueamino (e.g., ethylidene- 
amino, propyUdeneamino, isopropylideneamino) esters; lower alkylsulfinyl(lower) alkyl 
(e.g., methylsulfinylmethyl, ethylsulfinylmethyl) esters. 

The suitable esters containing an aromatic ring may include, for example, aryl 50 
->0 (e.g., phenyl, xylyl, tolyl, naphtbyl, indanyl, dihydroanthryl) esters; aralkyl (e.g., 



40 




alkyl (e.g., benzoylmethyl, toluoylethyl) esters; aryloylamino (e.g., phthalimido) esters. 55 
55 The suitable esters containing an heterocyclic ring may include, for example, 

heterocyclic esters, heterocyclicalkyl esters; in which the suitable heterocyclic ester may 
include, for example, saturated or unsaturated, condensed or uncondensed 3 to 8- 
membered heterocyclic group containing 1 to 4 hetero-atom(s) such as an oxygen, 
sulfur and nitrogen atom (e.g., pyridyl, piperidino, 2-pyridon-l-yl, tetrahydropyranyl, 60 
60 quinolyl, pyrazolyl) esters; and the suitable heterocyclicalkyl esters may include, for 
example, saturated or unsaturated, condensed or uncondensed 3 to 8-membered hetero- 
cyclic containing 1 to 4 heteroatom(s) such as an oxygen, sulfur and nitrogen atom 
(e.g., pyridyl, piperiduio, 2-pyridon-l-yl, tetrahydropyranyl, quinolyl, pyrazolyl)-sub- 
stituted-alkyl (e.g., methyl, ethyl, propyl) esters; 
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t The ailyi esters, the aliphatic esters and the esters containing an aromatic or hetero- 
cyclic ring as mentioned above may have 1 to 10 appropriate substituent(s) such as 
lower alkyl (eg., methyl, ethyl, propyl, isopropyl, butyl, tert-buryl), lower cydoalkyl 
(eg., cyclopropyl, cydohexyl), lower alkoxy (e.g., methoxy, ethoxy, propoxy, iso- 
5 propoxy, butoxy, tert-butoxy), lower alkylthio (e.g., methylthio, ethylthio, propylthio), i 

lower alkylsuHmyl (eg., merhylsulfinyl, ethylsulfinyl, propylsuhinyl), lower aKanesul- 
fonyl (eg., methanesulfonyl, ethanesulfonyl), phenylazo, halogen (e.g., chlorine, bro- 
mine, fluorine), cyano, nitro, examples of which are illustrated by mono(or di or tri)- 
hala( lower) alkyl (e.g., chloromethyl, bromoethyi dichloromethvt 2,2,2-trichloro ethyl, 

10 2^^-tribromoethyl) esters, cyano(Iower)afityI (eg., cyano methyl, cyanoethyl) esters, M 
monofor di or tri or terra or penta)halophenyl (eg., 4-chlorophenyl, 3,5-dibromo- 
phenyl, 2,4,5-trichlorophenyl, 2,4,6-trichlorophenyt pcatachlorophenyl) esters, lower 
alkanesulfonylphenyl (eg., 4-methanesulfonylphenyl, 2-ethanesulfonylphenyl) esters, 
2-(or 3 or 4-)phenylazophenyl esters, mono(or di or tri)nitxophenyl (e.g., 4-nitro- 

15 phenyl, 2,4-dinitrophenyI, 3,4^-trinitrophenyl) esters, mono (or di or tri or tetra or 15 

penta)halophenyl(bwer)alkyl (eg., 2-chlorobenzyl, 2,4-dibromobenzyl, 3,4,5-trichloro- 
benzyl, pentachlorobenzyl) esters, mono(or di or tri)nitrophenyl(lower)alkyl (eg., 2- 
nitrobenzyl, ^4-dinitrobenzyl, 3,4^-^rinitrobenzyl) esters, mono( or di or tri) (lower) - 
alkoxyphenyl(lower)aftyl (eg., 2-methoxybenzyI, . 3,4-dimethoxybenzyl, 3,4,5-tri- 

20 methoxybenzyn esters, hydroxy and di(lower)aUcylphenyl(Iower)alkyl (e.g., 3,5- 20 
dmethyl^hydraxyberizyl, 3,5-ditm-butyl-^hydroxyben2yi etc.) esters. 

(b) Acid amide: 

The suitable add amides may include, for example, N-unsubstituted add amide, 
N-lower alkyl add amide (eg., N-methyl add amide, N-ethyl add amide), N,N- 
25 di(lower)alkyl add amide (eg., N,N-dimethyl add amide, N,N-diethyl add amide, 25 

N-methyl-N-ethyl add amide), N-phenyl add amide, or an add amide with pyrazole, 
imidazole, 4-lower alkylimidazole (eg, 4-memylimidazole, 4-ethylimidazole) 

(c) Salt: 

Suitable salts may indude salt with inorganic base (eg., sodium salt, potassium 
30 salt, magnesium salt, ammonium salt), and organic base (eg., dicyclohexylamine salt, 30 

pyridine salt, ethanolamine salt). 

Wkh respect to the compound (IV): 

Suitable examples of alkyl in the definition for " Y " may indude those of "the alkyl 

which may be branched " as mentioned above. 
35 Suitable examples of protected group in the protected amino or the protected 35 

hydroxy in the definition for " Y " may indude a conventional acyl such as conventional 

alkanoyl (eg., formyl, acetyl), conventional haloalkanoyl (eg., dichloroacetyl, trifluoro- 

acetyl), conventional aroyl (e.g., benzoyl), conventional alkoxycarbonyl (e.g., erhoxy- 

carbony^ tETt-butoxycarbonyl, adamantyloxycarbonyl); conventional haloalkoxycarbonyl 
40 (eg., trictiloroethoxycarbonyl) or conventional substituted or unsubstituted aralkoxy- 40 

carbonyl (eg., benzyloxycarbonyl, p-nitrobenzyloxycarbonyl). 

The protected groups as illustrated above are to be referred to a group attached 

to the terminal amino or hydroxy function in the acyl amino for and, for convenience 

sake to explain the present invention, the term " protected group is also referred, with 
45 tie same meaning as explained above, to a group attached to the other terminal func- 45 

Honal group i.e. carboxy group hereinafter used in the specification. 
With respect to the compound (I') ; (I"); and (III') : 

Suitable examples of acyl in the acylamino for R/ may include the same examples as 

illustrated for the acyl in the definition for Ri. 
50 With respect to the compound (I") : 50 

Suitable examples of groups for " A' " may indude the same examples as illustrated for 

the groups in the definition for ** A " excepting hydrogen. 

A suitable acyl moiety in the acylamino for R*, Rs, Rg, R 10 , R20, Rj*, R 2M R So , R 3 „ 55 
K3« and K,« may mdude the same aliphatic acyl, aromatic acyl, heterocyclic acyl and 
aliphatic acyi whose aliphatic moiety is substituted by aromatic group or heterocyclic 
group as illustrated for the acyl in the acylamino for R x . 

Suitable examples of the above acyl may be: 
alkanoyl or cycloalkanoyl (eg., formyl, acetyl, propionyl, butyryl, isobutyryl, 60 
pivaloyl, cyclohexanecarbonyl); aralkanoyl (eg., phenylacetyl, phenylpropionyl, 
naphthylacetyl); heterocyclic alkanoyl (eg., thienylacetyl, tetrazolylacetyl, furylacetyl, 
thiadiazolylacetyl, thiazolylacetyl, morpholinoacetyl, piperazinoaceryl, benzothiazolyl- 
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acetyl, thienylpropionyl); aroyl (eg., benzoyl, toluoyl, xyloyl, iiapfathoyl, phthaloyl); 
heterocyclic carbonyl fe.g., thenoyl, furoyl, prolyl, nicotinoyl, isomccrinoyl, benzodiox- 
anecarbonyl) or cycloalkylalkanoyl (e.g. cyclopentylacetyl, cyclohexylacetyl). 

In the above examples; the optional bond of the alkylene moiety, the bond between 
5 the carbonyl and the aliphatic, aromatic or heterocyclic group, and/or the bond between 5 

the alkylene and the cycloalkyl, aryl or heterocyclic group may be interrupted by a 
bivalent radical — O— , — S — or — NH — . Suitable examples of such acyl may be 
alkoxyearbonyl (eg., methoxycarbonyl, ethoxy carbonyl, propoxy carbonyl, tert-butoxy- 
carbonyl); cycloalkoxycarbonyl (eg. cydopropoxy carbonyl, cyclohexyloxycarbonyl, 

10 bomyloxycarbonyl, adamantyloxycarbonyl); aralkoxycarbonyl (e,g., benzyloxycarbonyl, 10 
phenethyloxycarbonyl) ; heterocyclic alkoxycarbonyl (e.g., furfuryloxycarbonyl, pyrrol- 
idinylmethoxycarbonyl, pyridylmethoxycarbonyl) ; aryloxycarbonyl (e.g., phenoxycarb- 
onyl, napbthoxycarbonyl); aikoxythiocarbonyl (e.g., methoxythiocarbonyl, ethoxythio- 
carbonyl, propoxythiocarbonyl) ; alkoxyalkanoyl (e.g., methoxy acetyl, ethoxypropionyl) ; 

15 cycloalkoxyalkanoyl (eg., cydohexyloxyacetyl, bornyloxy acetyl, adamantyloxyacetyl) ; 15 
alkylthioalkanoyl (eg., methylthioacetyl, ethylthioacetyl, isopropylthioacetyl, butylthio- 
acetyl); arylthioaficanoyl (eg., phenylthioacetyl) ; heterocyclicthioalkanoyl (eg., thienyl- 
thioaceryl, thienylthiopropionyl, thiazolylthioacetyl, thiacUazolyhhioacetyl, oxazolyhhio- 
acetyl, oxadiazolylthioacetyl, triazolylthioacetyl, tetrazolylthioacetyl, benzothiazolykhio- 

20 acetyl); N-alkylcarbamoyl (eg., N-methylcarbamoyl, N-ethylcarbamoyl); N-aryl- 20 
carbamoyl (eg., N-phenylcarbamoyl, N-naphthiy carbamoyl) ; N-alkylthiocarbamoyl 
(eg., N-m ethy Ithiocarb am oy 1, N-ethyhhiocarbamoyl) and N-aryhhiocarbamoyl (eg., 
N-phenylthiocarbamoyl) . 

The optional carbon atom of said acyl group may be substituted by one or more 

25 suitable substituents such as a halogen atom (eg., chlorine, bromine), nitro or formyL 25 

With respect to the compound (XI) : 
Suitable examples of acid residue in X t may indude an add residue of 

an inorganic add (eg., hydrochloric, hydrobromic, hydroiodic, sulfuric add), 
an organic add such as organic sulfonic add (eg., methanesulfonic, benzenesulfonic 

30 or toluenesulfonic add), an organic carbamic add (eg., dimethylcarbamic or diethyl- 30 
carbamic add). 

Suitable examples of bivalent aliphatic hydrocarbon radical in the definition for 
"Ai" may include alkylene or alkyh'dene (e.g., methylene, ethylene, trimethylene, 
propylene, pentylidene, hexam ethylene), in which the optional carbon atom may be 
35 replaced by at least one radical selected from — NH — , — O — , and 35 




and further may be substituted by oxo, aryl such as phenyl, naphthyl, or heterocyclic 
group such as thienyl. 

With respect to the compound (XII): 
Suitable examples of residue of nucleophile in the definition for Rn may indude sub- 40 
stituted or unsubstituted alkylthio (eg., methylthio, ethylthio, propylthio, isopropyl- 
thio); alkenylthio (eg., vinylthio, propenyhhio, isopropenylthio, butenykhio); alkynyl- 
thio (eg., 2-propynylthio); arylthio (e.g., phenylthio, naphtnylthio); 

substituted or unsubstituted aralfcykhio (eg., benzykhio, phenemytthio, phenyl- 
propylthio, phenylbutyltbio), in which the optional carbon atom of said alkyl moiety 45 
may be replaced by at least one radical selected from — O — , — NH — and further may 
be substituted by oxo; 

substituted or unsubstituted hetcrocyclictbio (eg., morphoiinylthio, thiadiazolyl- 
thio, oxadiazolylthio, triazolylthio, pyriniidinyhhio, oxazolyhhio, tetrazolylthto, purinyl- 
thio, pyridm-l-oxide-2-ylthio, 5-methyl-M,4-thiadiazolylthio, 5-ethyl-13»4-thiadia- 50 
zolylthio, 1 -methyketrazoly khio, 2-aminothiazolykhio, l-methyltriazolyhhio); substi- 
tuted or unsubstituted aryloxy (eg., phenoxy, tolyloxy, chJorophenoxy, biphenylyloxy, 
naphthoxy, methoxyphenoxy, phenoxyphenoxy, vinyiphenoxy, propenylphenoyy, acetyl- 
phenoxy, benzoylphenyloxy, benzoylnaphthoxy) ; 

substituted or unsubstituted arylamino (eg., anilino, N-methylanilino, 55 
naphthylaniino); 

substituted or unsubstituted aralkylamino (e.g., benzylamino N-methylbenzyl- 
amino, phenethylamino). 

In the above, the residue of nucleophile may be substituted by at least one subsri- 
tuent sdected from carboxy, esterified carboxy (eg., methoxycarbonyl, ethoxycarbony], 60 
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propoxycarbonyl), halogen (eg., bromine, chlorine), nitro, formyl amino, hydroxy, 
protected Amino or protected hydroxy. 

With respect to compounds (XIII) and (XIV): 
Suitable example of acyl moiety is an acyl having protected amino, protected hydroxy 
5 and/or protected carboxy for Ru may include the same examples as defined and 5 

illustrated for the acyl in the acylamino for R la 

Suitable example of acyl moiety of an acyl having amino, hydroxy or carboxy 
function in R' u may include the same examples as defined and illustrated for the acyl 
in the acylamino for R a . 

10 Suitable examples of alkyl in the definition for R 13 may include methyl, ethyl and 10 

propyl. 

Suitable halogen in the definition for X 3 may include bromine and chlorine. 

With respect to compounds (XV) and (XVI): 
Suitable examples of acyl for R u may include the same examples as defined and 
15 illustrated for the acyl in the acylamino for Ru and more particularly aroyl (e.g., 15 

benzoyl, naphthoyl), aralkanoyl (eg, phenylacetyl, phenylpropionyl) ; heterocyclic 
aBcanoyl such as tbienylalkanoyl (eg., thienyl acetyl, thienylpropionyl, thienylbutyryl) ; 
an alkoxyaralkanoyl, in which the optional carbon atom is substituted by at least one 
substituent selected from hydroxyimino, carboxy, amino and protected amino, the 
20 examples of which are illustrated as follows. 20 

2- [4- p-carboxy-3 -acetamidoprojpoxy ) phenyl] -2-hydroryiminoacetyl, 
2- [4*f3-carboxy-3-(3-phenylureido) propoxy}phenyl] -2-hydroxyiminoacetyl, 
2- [4 - { 3- ( 2,2^-trffluoroacetaniido) - 3-<a rboxypropoxy }phenyl] -2-hydroxyiminoacetyl. 

Suitable examples of halogen for X 8 and X 4 may be the same as illustrated for the 
25 halogen for X*. 25 

With respect to the compound (XVII) and (XVIII): 
Suitable examples for the dehmtion for R u are as follows: 

aryl (eg, phenyl, naphthyl) ; 

alkyl f eg, methyl, ethyl, propyl) ; 
JU aralkyl (eg, benzyl, phenylpropyl}; 30 

aryloxy (eg., phenoxy, naphthoxy); 

heterocyclic group (eg, thienyl, pyranyl, 5,6-dihydro-2H-pyranyl 3 isobenzo- 
furanyl, indolyl); 

heterocyclicalkyl (eg., thienymethyi, thienylpropyl, furylm ethyl, furylethyl, furyl- 
35 propyl, radolylethyl, thiadiazolylmethyl, thiadiazolylediyl, oxazolylmethyl). 35 

Suitable examples of hydrocarbon residue having amino in the definition for R u 
may include aminoalkyl (eg., aminomemyl, aminoethyl, aminopropyl), and aminoaryl 
(eg, aminophenyl, aniinonaphthyi). 

Suitable examples for the definition for R» are as follows. 
40 Hydrocarbon group in acylamino-sub sti tuted-hy drocarbon residue for R if may 40 

include alkyl (e.g^ methyl, ethyl, propyl, butyl, pentyl, hexyl); alkenyl (eg, vinyl, 
propenyl isopropenyl); aryl (eg., phenyl, naphthyl); aralkyl (eg., benzyl, phenethyC 
phenylpropyl, phenylbutyl), and the optional carbon atom of said hydrocarbon group 
may be substituted by at least one substituent selected from halogen (eg, bromine, 
45 chlorine), hydroxy and carboxy, and further the optional carbon atom of said hydro- 45 

carbon group may be replaced by at least one bivalent radical selected from oxygen, 
nitrogen, sulfur, imino, carbonyl, tbiocarbonyl and carbamoyl 

And, suitable examples of acyl in acylamino and acylanimo- substitute-hydro- 
carbon residue for R l7 are the same as denned and illustrated for die acyl in the acyl- 
50 amino lor R 2 . 50 

With respect to compounds (XIX) and (XX): 
Suitable examples of aryl for R lB may be the same as mentioned above 

Suitable examples of alkyl and aryl for R l9 may be the same as mentioned above. 
Suitable examples of N-arylcarbaraoylalkyl for R 19 may include N-phenylcarb- 
55 amoyimethyl, N-phenykarbamoylethyl, N-naphthylcarbamoylmethyl and N-naphtbyl- 55 

carbamoylethyl. 

With respect to the compound (XXII): 
Suitable examples of " aryl substituted by at least one substituent of nitro and esterified 
carboxy " for K 21 may include p-nitrophenyl, 2,4-dinitrophenyl and 2-nitro-4-methoxy- 
60 caibonylphenyl, and suitable examples of substituted aryl moiety in arylamino whose 60 

aryl ring is substituted by at least one substituent of nitro and esterified carboxy for R u 
may be the same as illustrated for the definition for R 2T . 

With respect to the compound (XXIV): 
Suitable examples of mono- or di-alkylamino for R 33 may include mono-alky lamino 
65 such as methylamino, ethylamino, propylamino, isopropylamino, butylamino and dialkyl- 65 
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amino such as dimethylamino diethylamino, and the optional caibon atom of said 
mono- or di-alfcylamino may be substituted by esterified carboxy such as alkoxycaibonyl 
(e.g., methoxycarbonyl, ethoxycarbonyl). 
With respect to the compound (XXV) : 
5 Suitable examples of nhroaryl for R* 4 may include mono- or di-nitrophenyl or mono 5 
or dirirtronaphthyl. 

With respect to the compound (XXVI) : 
Suitable examples of aminoaryl for R^ may include mono or diaminophenyl or mono 
or diaminonaphthyL 

10 With respect to compounds (XXVII) and (XXVIII): 10 

Suitable examples of aryl for R», may include phenyl and naphthyl. 

A suitable example of bivalent aliphatic hydrocarbon radical for " Aa " is the same 
as illustrated in the definition for " A t 

Suitable examples of halogen atom for X 5 may include bromine and chlorine. 
15 Suitable examples of alkoxy for Ra T may include methoxy, ethoxy, propoxy, whose 15 

alkyl moiety may be substituted by suitable substituent such as carboxy and esterified 
carboxy, for example, carboxymethoxy, methoxy carbonylmethoxy. 

'Suitable examples of aikanoylamino for R 2T may include formamido, acetamido, 
propianamido), whose alkyl moiety may be substituted by ammonio radical (e.g,, 
20 NjNjN-trimetlrylammonio, N,N,N-triethylammonio or pyridinio) which bears an anion 20 
such as chloro, bromo, iodo, sulfory, methylsulfoxy, ethylsulfoxy, formyloxy or p-toiu- 
enesulfonyloxy. 

With respect to the compound (XXXII) : „ % 

A suitable example of alkyl for Rm and Ru is the same as illustrated for the alkyl 
25 for R u . 25 
With respect to the compounds (XXXIII) and (XXXIV): 
A suitable example of alkyl for R 38 , R«. and R^ and alkyl moiety in alkoxy and 
acyloxyaflcoxy for Rs« is the same as illustrated for the alkyl for R w . 

Suitable examples for acyl moiety in acyloxyalkoxy for Rat is a conventional 
30 alkanoyl (e.g. acetyl, propionyl, butyryl, isobutyryl, pivaloyl) as illustrated for the 30 
protected group for Y. t 

Suitable examples of substituted-alkyl in the definitions for Rs„ and R A1 may 
include acyloxyalkyl such as alkanoyloxyalkyl (eg., acetoxymethyl, acetoxyethyi, 
acetoxypropyl, propionyloxymethyl, propionyloxyethyt butyryloxymethyl, pivaloyioxy- 
methyl) and haloalkyl such as monohaloalkyl (eg., fluoromethyl, chloromethyl, bromo- 
methyl, chloroethyl, bromo ethyl, chloropropyl, bromopropyl), dihaloalkyi (eg. dicbloro- 
ethyl, 23-dichloropropyl) and trihaloalkyl (e.g. tri chloromethyl). 
With respect to the compounds (XXXV) and (XXXVI) : 
Suitable aryl in the definition for R* a may include aryl which may be substituted 
40 by suitable substituent such as carboxy, the examples of which are phenyl, carboxy- 40 
phenyl, tolyl and naphthyL 

A suitable example of alkylene for "As" may include methylene, ethylene, 
propylene. 

With respect to the compounds (XXXIX) and (XXXX) : 
45 Suitable examples of aryl substituted by at least one substituent of nitro and « 

esterified carboxy for R 43 are the same as illustrated for the same group for Ru. 

•Suitable examples of aromatic heterocyclic group for R* s may include the same as 
illustrated in the explanation of the heterocyclic group for Ri of the compound (1), and 
the more particular examples thereof are pyridyl, pyridyl-1 -oxide, pyrimidynyl, oxa- 
50 diazolyl which may be substituted b y an ary l such as phenyl, tolyl or napntnyL au 
With respect to the compounds (XXXXI) and (XXXXII) : 
Suitable examples of aralkyl for R„ are the same as illustrated for R M . 
Suitable examples of alkyl for R, 5 and R„ are the same as illustrated for R w . 

With respect to me compounds (XXXXI II) and (XXXXIV): 

55 Suitable examples of " carboxy or its derivative " for R, T are the same as illustrated 55 

in the explanation for" A", i.c that of "carboxy or its derivative". 

Suitable examples of protected group in the protected amino for R, B may include 

* e TST S^to* Z ^ptJas ( Y ™, (XXXXV^JX^XVII), 
60 (XXXXVIIIMXXXXIX), (XXXXXII), (XXXtfXIII) and (XX^CXIV): 60 

Suitable examples of acyl moiety in the acylamino group in the definition tor K 4lJ , 
Rao, Rm, R,*, R fl » %<, R 3 » and R« may include the same as illustrated in the explana- 
tion of an acyl moiety in the acylamino for R a . , . 

Suitable examples of " carboxy or its reactive derivative moiety in the definition 
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for R« ? are the same as illustrated in explanation of "A i.e. that of "carboxy or its 
derivative. 

Suitable examples of " N-(hydroxyalkyl)carbamoyl " moiety in the definition for 
^yd^^r^yl) c^bamoyL^ 7 Carbamoylj N " (Mroxyethyl)carbamoyl, N- 

S uitabk examples of " N-ara&ylcarbamoyl " moiety in the definition for R, c may 
include N-benzylcarbamoyl, N-phenetbylcarbamoyl, in which aryl moiety may be sub- 
stituted by suitable substituent(s). 

Suitable examples of the ester in M esterified carboxyalkylamino " moiety in the 
definition for R^ may include the same as illustrated in the explanation for " A i.e. 
that of > ester and more particularly are methoxycarbonylethyiamino, ethoxycarbonyl- 
etnylamino, and propoxycarbonylmemylamino. 

Suitable examples of " alkenyl substituted by esterified carboxy " in the definition 
for Raainay include an alkoxycarbonyl alkenyl such as methoxycarbonylvinyl, methoxy- 
carbonylpropenyl, ethoxycarbonylvinyl, memoxycarbonyl-l-methylvinyt etnyoxycarb- 
onyl-2-propenyl, and further examples of the ester in " esterified carboxy " moiety may 
include the same as illustrated in the explanation for " A i.e. that of " ester 

Suitable examples of alkanoyl in the definition for R„ may include the same as 
illustrated in the explanation of an acyl moiety in the acylamino for Ri. 

.„ Suitri) 1 p examples of aroyl moiety in the definition for R M may include the same 
as illustrated in the explanation of acyl moiety in the acylamino for R lt 

Suitable examples of alkyl moiety in the definition for R* is the same as illustrated 
for Rij. 

Suitable examples of or-hydroxy aralkyl moiety in the definition for may include 
a-hydroxybenzyl, l-hydroxy-l-(l-naphthyl)methyL 
With respect to the compound (XXXXXVI) : 

Suitable examples of aralkyl moiety in aralkylamino for R^ may include the same 
as illustrated for R^. 

With respect to the compounds (XXXXXVI) and (XXXXXVII): 
Suitable examples of halogen for X e may include the same as illustrated in the 
definition for X 2 . 



Statable examples of alkyl for Rj, w R J9 and R B0 are the same as illustrated for R 13 . 
With respect to the compound (XXXXXI) : 

Suitable examples of araflcanoyl moiety in ara&anoylamino for R^ may include 
the same as illustrated in the explanation of the acyl moiety in the acylamino for R x 

The processes of the present invention are explained in details hereinafter. 

In the present invention, as key starting compounds, there are employed FR 1923 

Sr 13 ?^ 1 ~ substiTuted - 3 - amin( >-2-azetidinone (a) which can be derived from 
FR^-1923 substance; and l-substituted-3-amino-2-azetidinone (b) and 3-amino-2- 
azetidinone (c) which can be derived from 3-acylamino-2-azetidinone. 

Such starting compounds can be prepared, for example, by processes as shown in 
tne following scheme. 

(.) NH 2 

CHCH 2 CH 2 0 ~\ = y~^ COm n 1 

COOH "OH i— N _ CH ^AA_0H 



0 



cooi 



H 



FR— 1923 substance 
Oeacylation 



COOH 
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wherein X is an acid residue and A' is as defined above. 

(1) Process 1: (n)-»(I') 

In this process, the object compound (I') can be prepared by reacting the com- 
5 pound (II) or its reactive derivative at the amino with an acylating agent. 5 

As acylating agents to be used in the present reaction, there may be exemplified an 
organic carboxylic acid, an organic sulfonic acid and the corresponding thio-, or imido- 
acid, and more particularly, an aliphatic acid, an aromatic or heterocyclic carboxylic 
acid, and the corresponding sulfonic add, carbamic add, carbonic add and thio-add, 
10 and thrir reactive derivative. 10 

As die reactive derivatives, there may be exemplified an add anhydride, an acti- 
vated amide, an activated ester, an isocyanate and an isotniocyanate. 
Exmples of such reactive derivatives are illustrated by an add azide; 
an mixed add anhydride with an add such as dialkylphosphoric add, phenylphos- 
phoric acid; diphenylphosphoric acid, dibenzylphosphoric add, halogenated phosphoric 15 
add, dialkylphosphorous add, sulfurous add, thiosulfuric add, hydrohalogenic add 
(e.g., hydrochloric add, hydrobromic add), sulfuric add, monoakyl carbonic add, 
aliphatic carboxylic acid (e.g., acetic add, ptvalic add, pentanoic add, isopentanoic 
acid, 2-ethyIbutyric add or trichloroacetic acid), aromatic carboxylic add (e.g., benzoic 
add), or symmetrical add anhydride; 20 

an add amide with pyrazole, imidazole, 4-substituted imidazole, dimethylpyrazole, 
triazole or tetrazole; and 

an ester (e.g., cyanomethyl ester, methoxymethyl ester, vinyl ester, propargyl 
ester, p-nitrophenyl ester, 2,4-dinitrophenyI ester, trichlorophenyl ester, pentachloro- 
phenyl ester, methanesulfonyiphenyl ester, phenylazophenyl ester, phenyl tbioester, 25 
p-nitrophenyl thioester, p-cresyl tbioester, carboxymethyl thioester, pyranyl ester, 
pyridyl ester, piperidyl ester, 8-quinolyl thioester, or ester with N,N-dimethylhydroxyI- 
amine, l-hydroxy-2-^lH)-pyridone, N-hydroxysuccinimide or N-hydroryphthalimidc). 

The above reactive derivatives are selected according to the kind of the add to be 
used. In the reaction, when free add is used as an acylating agent, the reaction may be 30 
preferably conducted in the presence of a condensing agent such as r^N'-dicydohexyl- 
carbodiimide, N^dohexyl-N'-morpholkoethylcarbodiiniide, N-cydohexyl-N / -(4- 
d^ethylammocyclohexyl)carbodiimide, N,N'-diethylcarbodiimide, N,N'-diisopropyl- 
carbodiimide, N^myl-N'-(3-dimethylammopropyl)carbod1imide, NjN'-carbonyIdi-(2- 
methylimidazole), pentamethyleneketene-N-cydohexylimide, diphenylketene-N-cyclo- 35 
hexy limine, alkoxy acetylene, 1-alkoxyl-l-chloroethylene, trialkyl phosphite, ethyl poly- 
phosphate, isopropyi polyphosphate, phosphorus oxychloride, phosphorus trichloride, 
thionylchloride, oxalyl chloride, triphenylphosphine, 2^myl-7-hydroxybenzisoxazob*um 
salt, 2-ethyl-5-(m-suIfophenyl)isoxazolium hydroxide ( chloromethylene ) -dimethyl- 
ammonium chloride, 2,2,4,4,6,6-hexach]oro-2,2,4,4,6,^ 40 
triphosphorine, or a mixed condensing agent such as triphenylphosphine and a carbon 
tetrahalide (e.g., carbon tetrachloride, carbon tetrabromide). 
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The example of an acyl group to be introduced into the amino group in the com- 
pound JF) by the above acylating agent may be a dehydroxylated group of an aliphatic, 
aromatic and heterocyclic carboxylic acid, and the corresponding sulfonic acid, carbonic 
add, carbamic acid and thio acid, and more particular acyl group may be the same acyl 
5 group as illustrated in the explanation of the acyl group in the acylamino group for Ri. 5 

As the reactive derivative at the amino at the 3rd position of the compound (II), 
there may be exemplified SchifFs base, salt with acid (e.g. hydrochloric acid) and the 
conventional reactive derivative. 

The acylation in the present process is conducted in a conventional manner known 
10 skilled in the art, for example, the acylation of 6-aminopenicillanic acid or 7-amino- 10 

cephalosporanic acid to provide the corresponding 6-acylamino penicillin or 7-acyl- 
aminocephalosporin compounds. 

That is, the present reaction is conducted by reacting the compound (II) or its 
reactive derivative at die amino with an acylating agent usually in a solvent which does 
15 not give bad influence to the reaction, for example, water, acetone, dioxane, acettmitrile, 15 

chloroform, methylene chloride, dichloroethane, tetrahydrofuran, ethyl acetate, dimethyl- 
form amide, pyridine, and the hydrophilic solvent as mentioned above can be used in a 
mixture with water. 

The present reaction can also be carried out in the presence of a base such as 
20 inorganic base (e.g., alkali metal bicarbonate) and an organic base such as trialkylamine 20 

(eg., tximethylamine, triethykmine, tributylamine), N-methylmorpholine, N-methyl- 
piperidine, N,N-dialkyIaniline (e.g., N,N-dimethylaniline, N^-diethylaniline), N,N- 
dialkylbenzylairiine (e.g., N,N-diemymenzylamme), pyridine, picoline, lutidine, 1,5- 
diazabicyclo[4,3,0]non-5-ene, l,4-diazabicyclo[2,2^] octane, l,8-diazabicydo[5,4,0]- 
25 tmdecene-7. 25 

In die present reaction, a liquid base or liquid condensing agent also can be used 
as a solvent for the reaction. 

There is no limitation to the present reaction temperature, and the present reaction 
can be prefexrably carried out under cooling or at ambient temperature. 

30 (2) Process 2: (HI)-»(I") 30 

In this process, the object compound (I") can be prepared by reacting the com- 
pound (III) with a reagent of the formula: A'— X wherein A' is as denned above and 
X is an acid residue. 

In the reagent of the formula: A' — X, examples of the definitions for A' are the 
same as illustrated in the explanation of the definitions for A excepting hydrogen. As 35 
examples of the acid residue for X, there may be exemplified an acid residue of an 
inorganic acid (e.g. hydrochloric add, hydrobromic acid, hydroiodic acid, sulfuric acid); 
an add residue of an organic add such as organic sulfate (e.g. methyl sulfate, ethyl 
sulfate), organic sulfonic add (e.g. methane sulfonic add, benzene sulfonic add, toluene 
sulfonic add) and organic carbamic acid (e.g. dimethylcarbamic add, diethylcarbamic 40 
add) and the like. 

The reaction is usually conducted in a solvent. Suitable examples of the solvents 
are water, acetone, dioxane, acetonitrile, methylene chloride, chloroform, dichloroethane, 
tetrahydrofuran, ethyl acetate, dimethylformamide, pydridine, among which hydrophilic 
solvent can be used in a mixture with water. Any other solvent which does not give bad 45 
influence to the reaction also may be used. 

There is no limitation to the reaction temperature, and the reaction is usually 
conducted at ambient temperature or under cooling. 

In case that the compound (I") thus produced has the derivative of carboxy or the 
protected carboxy as substituent, the compound (I") may be subjected to dimination 50 
reaction, whereby said derivative of carboxy or protected group is converted into the 
corresponding carboxy group, whose reaction is also induded within the scope of the 
present invention. 

The elimination reaction is conducted by a conventional method, that is substan- 
tially the same methods as those explained in the elimination reaction for the hereinafter 55 
mentioned Process 3, e.g. solvolysis, reduction. 

(3) Process 3: (I')->(II) 

In this process, the object compound (II) can be prepared by eUminating the 
acyl group of compound (I') in a conventional manner. 

A suitable method to be used in the elimination reaction of the acyl moiety in acyl- 60 
ammo may indude solvolysis such as hydrolysis using an add or a base; bydrazinolysis 
and reduction such as chemical reduction or catalytic reduction and combined method 
comprising iminohalogenation, iminoetherification and solvolysis. 
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In the above reaction, suitable examples of reagents to be used are as follows. 
For so lvo lysis: 

Solvolysis is conducted in the presence of an add or base. 

Suitable acids are an inorganic acid (eg. hydrochloric acid, sulfuric acid), an 
5 organic acid (eg., formic acid, acetic acid, tnfiuoroacetic add, propionic add, benzene- 5 

sulfonic add, p-toluenesulfonic add) or an acidic ion exchange resin. 

Suitable bases are an inorganic base such as a hydroxide, carbonate or bicarbonate 
of an alkali metal (e.g., sodium, potassium), an alkaline earth metal (e.g., magnesium, 
calium), and the like, an organic base such as an alkoxide of the above metal, a tertiary 
10 amine such as trialkylamine (eg., tzimethylamine, triethylamine), a di substituted aryl- 10 

amine (eg., N,N-chmethyIamine) or a heterocyclic amine (e.g., N-methylmorpholine, 
N-methylpiperidine, N,N-dimethylpiperazine, pyridine) or a basic ion exchange resin. 

For reduction: 

Reduction is conducted with a conventional chemical reducing agent or by conven- 
15 tional catalytic reduction. 15 
Suitable reducing agents are a metal (eg., tin, zinc, iron) or a combination of 
metalic compound (eg., chromium chloride, chromium acetate) and an organic or an 
inorganic add (eg., acetic add, propionic add, hydrochloric add). 

Suitable catalysts used in catalytic reduction are conventional ones such as platinum 
20 catalysts (eg., platinum plate, spongy platinum, platinum black, colloidal platinum, 20 

platinum oxide or platinum wire), palladium catalysts (eg., spongy palladium, pal- 
ladium black, palladium oxide, palladium on carbon, colloidal palladium, palladium on 
barium sulfate or palladium on barium carbonate), nickel catalysts (eg., reduced nickel, 
nickel oxide or Raney nickel), cobalt catalysts (eg., reduced cobalt or Raney cobalt), 
25 iron catalysts (eg., reduced iron or Raney iron) copper catalysts (eg, reduced copper, 25 
Raney copper or Ullman copper), or other conventional catalysts. 
For combined method: 

Iminohalogenation, iminoetherification, and solvolysis are conducted with a con- 
ventional iixunobalogenating agent and conventional iminoetherizing agent, and then by 
30 conventional solvolysis: 30 
Suitable irninohalogenating agents are a phosphorus compound such as phos- 
phorus trichloride, phosphorus pentachloride, phosphorus tribromide, phosphorus penta- 
bromide phosphorus oxychloride, and their reaction equivalents such as thionyl chloride 
or phosgene. 

35 Suitable immoetherifying agents used in the reaction with the resultant product in 35 

the foregoing iminohalogenation of the acylamino compound (I') are an alcohol such 
as an alkanol (e.g., methanol, ethanol, propanol, isopropanol, butanol, tert-butanol) or 
the corresponding alkanol having alkoxy (e.g., methoxy, ethoxy, propoxy, isopropoxy, 
buthoxy) as substituent(s) at the alkyl moiety thereof, and an alkoxide of such metal 
40 as mentioned above (e.g., sodium alkoxide, potassium alkoxide, caldum alkoxide, barium 40 

alkoxide), each of which is derived from said alcohol. Thus obtained reaction product 
is, if necessary, solvolyzed in a conventional manner. 

The dimination reactions, i.e. solvolysis, hydrazinolysis, reduction and combined 
method comprising iminohalogenation, iminoetherification and solvolysis are conven- 
45 tional ones employed for the elimination of acyl group in acylamino group of penicillin 45 

and cephalosporin compounds, and said reactions may be conducted in the similar con- 
ditions to that of the elimination reaction in the penicillin and cephalosporin cases. 

For example, the iminohalogenation and iminoetherification reactions are prefer- 
ably conducted at ambient temperature or under cooling, and the solvolysis proceeds 
50 simply pouring the reaction mixture to water or a mixture of a hydrophilic solvent such 50 

as alcohol (eg. methanol, ethanol) and water, and if necessary, with addition of an 
add or base as exemplified above thereto. 

The object compound (II) prepared in the above elimination reaction is also used 
as a key intermediate for the compound (I) of the present invention. That is, the 
introduction of an acyl group different from that of the compound (I') to 1 -substituted- 55 
3-amino-2-azetizinone (II) can produce a new l-substituted-3-acylamino-2-azetizinone 
(I) having different antimicrobial activity spectrum from that of the compound (T). 

(4) Process 4: (IV)-»(III') 

The object compound (III') can be prepared by subjecting the compound (IV) to 
degradative elimination reaction. 60 

Suitable methods to be used in this elimination reaction are a conventional solvo- 
lysis such as hydrolysis (eg., an addic or a basic hydrolysis) and a reduction (eg., 
chemical or catalytic, reduction), which may be optionally selected depending on a 
kind of a starting compound (IV). 
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Solvolysis such as hydrolysis is conducted preferably in the presence of an acid or 
a base in a conventional manner, the examples of which are the same as those illustrated 
in the explanation of Process 3 and to be referred to them. 

Suitable examples of reducing agents for chemical reduction and catalysts for 
5 catalytic reduction are also the same as those illustrated in the explanation of Process 3, 5 

and to be referred to them. 

The degradative reduction is usually conducted by reducing the compound (IV) 
with a reducing agent in a solvent in a conventional manner. The reaction conditions, 
for example, the solvent to be used and the reduction temperature are selected in 
10 accordance with the reduction method used and/or the land of the compounds (IV) 10 

and/or (III'). Generally, in the catalytic reduction method, it is preferable to employ a 
solvent such as methanol, ethanol, propanoic isopropanol or ethyl acetate. In the method 
using a combination of a metalic compound and an acid, said acid is generally used as 
a solvent, but if necessary, there is employed a solvent such as water or acetone. 
15 The reaction temperature is not especially limited, and the reaction is usually con- 15 

ducted under cooling, at temperature or at an elevated temperature. 

The object compound (III') as prepared above is also used as a key intermediate 
for the compound (I') of the present invention, 

(5) Process 5: (V)^(VI) 

20 in this process, the object compound (VI) is prepared by hydroryzing the com- 20 

pound (V) or its derivative at carboxy. Examples of the derivative of carboxy of the 
starting compound is the same as illustrated in the explanation for the " A " of com- 
pound (I). 

The hydrolysis is conducted in a conventional manner. 
25 That is, a suitable method to be used in this hydrolysis is conducted in the presence 25 

of an add or base, example of which is the same one as that illustrated in the hydrolysis 
in the explanation for Process 3. 

Though there is no limitation to the reaction temperature, it may be suitably 
selected according to the hydroryzing condition to be used in the reaction, and the reac- 
30 tion is preferably conducted at ambient temperature or at somewhat elevated tempera- 30 

tore in accordance with the kind of the solvent of other reagent used. 

(6) Process 6: (Vn>->(VIII) 

In this process, the object compound (VIII) can be prepared by reducing the 
compound (VII) or its derivative at carboxy. 
35 Examples of the derivative at carboxy of the starting compound (VII) are the 35 

same as those illustrated in the explanation for " A " of the compound (I). 

In this reduction, the reaction is conducted by a conventional method such as a 
catalytic reduction; a reduction using a combination of a metal such as iron, tin or zinc 
and an acid such as an inorganic acid (hydrochloric acid or sulfuric acid) or an organic 
40' acid (e.g. acetic acid); a combination of an alloy (e.g., sodium amalgam, aluminum 40 

amalgan) a metal (eg., zinc, tin, iron), or a salt thereof (e.g., zinc chloride, stannous 
chloride, ferric or ferrous chloride) and water, an alkali solution or an alcohol (e.g., 
methanol, ethanol, propanol or butanol); a hydrazine compound (e.g., phenyl hydra- 
zine or hydrazine) ; a combination of titanium chloride and hydrochloric add; an alkali 
45 borohydride such as sodium borohydride, and potassium borohydride; diborane; or an 45 

electrolytic reduction. 

Suitable examples of catalysts for the catalytic reduction are the same one as those 
illustrated in the explanation of the catalyst for Process 3. 

The reaction conditions for this reduction, for example, the solvent to be used and 
50 the reaction temperature may optionally be selected in accordance with the reduction 50 

method to be used. In general, it is preferable to employ a solvent such as water, an 
alcohol as mentioned above, dioxane, acetonitrile, tetrahydrofuran, dimethylformamide 
or pyridine, and further the add as mentioned above may also used as a solvent. 

The reaction temperature is not espedally limited, and the reaction is usually con- 
55 ducted under cooling, at ambient temperature or at an elevated temperature. 55 

(7) Process 7: (IX)->(X) 

In this process, the object compound (X) can be prepared by reacting the com- 
pound (IX) or its derivative at carboxy with an acylating agent. 

Examples of the derivative at carboxy of the starting compound are the same as 
60 those illustrated in the explanation for " A " of the compound (I) . 60 

As acylating agents in the present reaction, there may be exemplified the same 
examples as those illustrated in the explanation of the acylating agents for Process 1. 
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The reaction conditions, for example, the solvent to be used and the reaction tem- 
perature are also substantially the same as those explained in the acylation for Process 1. 

The present acylation may include, within its scope, the case that when the starting 
compound (IX) has group (s) of free hydroxy and hydroxyiminOj it (they) is also 
5 occasionally acyiated. 5 

(8) Process 8: (XIWXII) 

In this process, the object compound (XII) can be prepared by reacting the com- 
pound (XI) or its reactive derivative at carboxy with a nucleophile of the formula: 
R X1 — H wherein Rn is residue of nucleophile, or its salt. 

10 The nucleophile of the formula: Rn— H wherein R ia is as defined above to be 10 

used as a reagent may include an amine such as a primary and secondary amine, a thiol 
compound and a hydroxy compound, respectively. 

Examples of the residue of nucleophile are aliphatic hydrocarbon amino (eg. alkyl- 
amino, alkenylamino), di-aliphatic hydrocarbon amino (e.g. di-alkylarnino), aromatic 

IS amino (phenylamino, tolylamino, naphthylamino), heterocyclic amino (thienylamino, 15 

thiadiazolylamino, txiazorylamino), and aliphatic hydrocarbon-amino substituted by such 
aromatic or heterocyclic group; and aliphatic hydrocarbon thio(or oxy), aromatic thio 
(or oxy), heterocyclic thio (or oxy), and aliphatic hydrocarbon thio (or oxy) substituted 
by such aromatic or heterocyclic group; in which aliphatic hydrocarbon moiety may be 

20 saturated or unsaturated and branched or partially cyclized, and such aliphatic hydro- 20 

carbon moiety, aromatic ring and heterocyclic ring may be substituted by at least one 
possible substituent. 

Suitable examples of aliphatic hydrocarbon residue, aromatic group, a heterocyclic 
group, aliphatic hydrocarbon residue substituted by aromatic or heterocyclic group may 

25 include the same ones as illustrated in the explanation of the definitions for Ri- 25 
More suitable examples of the residue of nucleophile are illustrated in die explana- 
tion for the compound (XII) . 

In the present process, there may be employed the nucleophile for above thiol or 
phenolic hydroxy compound in a form of a salt such as an alkali metal (e.g., sodium, 

30 potassium) salt and an alkaline earth metal (eg., magnesium, calcium) salt. In the case 30 
that the thiol compound has a free amino as substituent, said amino substituted thiol 
compound may be employed in the form of the salt of amino with an acid such as an 
inorganic acid (eg., hydrochloric acid, hydrobromic acid) and an organic acid (formic 
acid, p-toluenesulfonic add). 

35 The reaction is usually conducted in an solvent Suitable examples of the solvents 35 

include any solvent which does not give bad influence to the reaction, and are water, 
acetone, methanol, ethanol, tetrahydrofuran, dioxane, dimethylformamide, methylene 
chloride, chloroform, carbon tetrachloride, in which a hydrophilic solvent may be 
employed in a mixture with water. 

40 The present reaction is preferably conducted in the presence of a base such as an 40 

alkaUmetal hydroxide (e.g., sodium hydroxide, potassium hydroxide), an alkaline earth 
metal hydroxide (eg, magnesium hydroxide, calcium hydroxide), an alkali metal 
carbonate (eg., sodium carbonate), an alkaline earth metal carbonate (e.g., calcium 
carbonate), an alkali metal alkoxide (eg., sodium alkoxide, potassium alkoxide), an 

45 alkaline earth metal alkoxide (eg., calcium alkoxide, barium alkoxide), an organic 45 
amine (e.g., trimethylamine), a basic ionexchange resin. 

There is no limitation to the present reaction temperature, and the reaction is 
usually carried out under cooling, at ambient temperature or at an elevated temperature, 

(9) Process 9: (XIII)->(XIV) 
50 In this process, the object compound (XIY) can be prepared by removing the 

protected group at the terminal amino, hydroxy and/or carboxy group in the acylamino 
group at the 3rd position of the compound (XIII) or its derivative at carboxy. 

Examples of protected groups at the terminal amino, hydroxy and carboxy arc the 
same as those illustrated in the expiation of a protected group for the compound (TV), 
55 including the examples of ester of the carboxy group (i.c, esterified carboxy) as illus- 55 

trated in the explanation of the derivative of carboxy for me compound (I). 

Suitable methods to be used in the present reaction are conventional ones, includ- 
ing a conventional solvolysis, a convention reduction, a conventional method using a 
heavy metal, which are selected depending on a kind of a starting compound (XIII). 

A solvolysis and reduction may be conducted in substantially die same manner GO 
illustrated in the explanation of the degradative elimination process for Process 4. 
Suitable examples of heavy metal in the method using a heavy metal are copper, 

zinc. 
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Although there is no specific limitation to the reaction temperature and a preferable 
temperature are employed depending on a kind of the protecting group to be removed 
and the method to be used, the reaction is usually carried out under cooling, at ambient 
temperature or at somewhat elevated temperature. 
5 By the present reaction, the protected group at the terminal amino, hydroxy and/or 5 

carboay group in the acylamino group at the 3rd position of the starting compound 
(XIII) are removed to provide the corresponding free amino, hydroxy and/or carboxy, 
respectively, and when the derivative at carboxy in the substituent at the 1st position of 
the starting compound (XIII) are the ester, said ester is also convened into the corres- 
10 ponding free carboxy, which is also included within the scope of the present process. 10 

(10) Process 10: (XV)-»(XVI) 

In this process, the object compound (XVI) can be prepared by reacting the 
compound (XV) or its derivative at carboxy with a halogenatmg agent 

Examples of the derivative at carboxy of the starting compound (XV) are the 
1 5 same as those illustrated in the explanation for the compound (II) . 15 

Suitable examples of halogenatmg agents may include halogen such as chlorine 
bromine; hypohalogenous acid or its alkyl ester such as hypochlorous add, tert-butyl- 
hypochlorite, N-haJ amide such as N-bromoacetamide, N-iodoacetamide, N-bromo- 
sucdnamide, N-chlorosuccinimide, N-chlorophthalimide; a cuprous halogenide such 
20 as cuprous chloride, cuprous bromide; and, pyridinium hydrobromide perbromide 20 

or dioxane dibromide. 

The reaction is usually carried out in an inert solvent. 

A suitable solvent to be used in this reaction may include any solvent which does 
not bad influence to the reaction, for example, water, methanol, ethanol, acetic add, 
25 chloroform, methylene chloride, carbon tetrachloride, dioxane, acetonitrile, terra* 25 

hydroturan or dimethylfonnamide. 

There is no limitation to the present reaction temperature, and the reaction is 
usually conducted under cooling, at ambient temperature or at somewhat elevated 
temperature. 

30 (11) Process 11: (XVII)->(XVIII) 30 

In mis process, the object compound (XVIII) can be prepared by reacting the 
compound (XVII) or its derivative at carboxy with an acylating agent. The deriva- 
tive at carboxy of the starting compound (XVlI) are the same as those illustrated in 
the explanation of the compound (I). 

35 Acylating agents to be used: in the present reaction may include the same 35 

example as those illustrated in the explanation of the acylating agents for Process 1. 

The acylation of the present process is conducted in a conventional manner, and 
the reaction conditions, for example, the solvent to be used and the reaction tempera- 
ture are substantially the same as those explained in the acylation for Process 1. 

40 (12) Process 12: (XIX) -KXX) 40 

In this process, the object compound (XX) can be prepared by oxidizing the 
compound (XIX) or its derivative at carboxy. 

The derivative at carboxy of the starting compound (XIX) are the same as those 
illustrated in the explanation for the compound (I) . 
45 Oxidation in the present reaction is conducted in a conventional manner with a 45 

conventional oxidizing agent which can oxidize a — S — group into 

0 
t 

— s— 

group. 

Suitable examples of the oxidizing agent are inorganic peradd or its salt (e.g., 
50 periodic add persulfuric add, or the sodium or potassium salt thereof); an organic 50 
peracid or its salt (e.g., perbenzoic add, m-chloroperbenzoic add, performic add, 
peracetic add, chloroperacetic acid, trifluoroperacetic add, or the sodium or potas- 
sium salt thereof); ozone, hydrogen peroxide or urea-hydrogen peroxide. 

The present reaction is preferably conducted in the presence of a compound 
55 comprising a Group Vb or Vlb metal in the Periodic Table, for example, tungstic 55 
add, moiybdic add, vanadic acid, or their salt with an alkali metal (e.g., sodium, 
potassium), an alkaline earth metal (eg., calcium, magnecium) or ammonium, or 
vanadium pentoxide. 

The present oxidation is usually conducted in a solvent such as water, acetic 
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add, chloroform, methylene chloride, alcohol (e.g., methanol, ethanol), tctrahydro- 
furan, dioxane, dimethylformamide or any other solvent which does not give bad 
influence to the present reaction. 

There is no particular limitation to the reaction temperature, and the present 
5 reaction is usually conducted at ambient temperature or under cooling. 5 

(13) Process 13: (XXIWXXII) 

In this process, the object compound (XXII} can be prepared by reacting the 

compound (XXI) or its derivative at carboxy with an aryl halide of the formula; 

R — X', wherein R' is aryl substituted by at least one substituent ratio and esterified 
10 carboxy and X' is halogen. 10 

The derivative at carboxy of the starting compound (XXI) is the same as those 

illustrated in the explanation for the compound (I). 

Suitable examples of aryl in the aryl substituted by at least one substituent of nitro 

and esterified carboxy for R' are the same as illustrated in the explanation of the 
15 definitions of R*i and R« for the compound (XXII), and suitable examples of 15 

halogen are chlorine, bromine. Further, examples of the ester in the esterified carboxy 

may include the same as those illustrated in the explanation of the ester for the 

definition of A for the compound f I). 

The present reaction is usually conducted in a solvent such as water, methanol, 
20 ethanol, propanol, tetrahydrofuran, dioxane, acetone, N,N-dimemylfonnamide, 20 

methylenechloride, chloroform, carbon tetrachloride or any other solvent which does 

not give bad influence to the present reaction. 

The present reaction is preferably conducted in a base such as an inorganic or 

an organic base, for example, alkali metal hydroxide (eg., sodium hydroxide, potas- 
25 shim hydroxide), an alkaline earth metal hydroxide (eg., magnesium hydroxide, 25 

calcium hydroxide), an alkali metal carbonate (e.g., sodium carbonate), an. alkaline 

earth metal carbonate (e.g., calcium carbonate), an alfcaH metal alkoxide (e.g., sodium 

alkoxide, potassium alkoxide), an alkaline metal alkoxide (e.g., calcium alkoxide, 

barium alkoxide), an organic amine (e.g., trimethylamine), a basic ionexchange resin. 
30 There is no particular limitation to the reaction temperature, and the present 30 

reaction is usually conducted under cooling, at ambient temperature or at an elevated 

temperature. 

(14) Process 14: (XXIII)-* (XXIV) 

In this process, the object compound (XXIV) can be prepared by reacting the 
35 compound (XXIII) or its derivative at carboxy with a carbonyl compound of the 35 

formula: R"" — C=0 wherein R"' and R"" are same or different hydrogen or alkyl, 
or its acetal or fatal, and then reducing the resulting product. 

The derivative at carboxy of the starring compound (XXIII) are the same as 
those illustrated in the explanation of the derivative of carboxy for " A " with respect 
40 to the compound (I). 40 
Examples of alkyl in a carbonyl compound are methyl, ethyl propyl, butyl, iso- 
butyl, pentyl which may be substituted by at least one substituent of carboxy, alkoxy 
carbonyl, and halogen (chlorine, bromine), and examples of aralkyi are benzyl, 
phenethyl, phenylpropyl, naphthylmethyl, whose aryl moiety may be substituted at 
45 least one substituent of the above substituent. Suitable examples of the carbonyl com- 45 
pound may include an aldehyde such as alkane aldehyde (e,g., formaldehyde, acet- 
aldehyde, propionaldehyde, butylaldehyde, isobutylaldehyde, valeraHehyde) and 
aralkane aldehyde (e.g., benzaldehyde), and a ketone ' (e.g., acetone, methylethyi- 
ketone, diethylketone, methylpropylketone, methylpheny&ctone, methyitolylketDne). 
50 The resulting product which is produced by reacting the compound (XXIII) or 50 

its derivative at carboxy with the carbonyl compound can be subjected to the follow- 
ing reduction with isolation or without isolation thereof. 

In the following reaction, the reduction is conducted in a conventional manner 
including the substantially same methods and reaction condition (solvent, tempera- 
ture) as illustrated in the explanation, of the reduction for Process 6, 55 

The first step of this reaction is usually conducted in an inert solvent which does 
not give bad influence to the reaction such as water, dioxane, methanol, ethanol or 
N,N-cumethylfoTmainide. The carbonyl compound in liquid may be also used as a 
solvent 

There is no particular limitation to the reaction temperature, which is selected 60 
depending on a kind of the carbonyl compound to be used and the reducing agent to. 
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be used, and die reaction is usually conducted under cooling or at ambient or some- 
what elevated temperature. 

In this reaction, in the course of the reaction or post-treatment, the derivative 
at carboxy may be converted into the corresponding carboxy* 



may be converted into 



by reduction, and the substituent, halogen may be converted into hydrogen by dehalo- 
genation. The cases as above are included within the scope of die present invention. 

10 (15) Process 15: (XXV)->(XXVI) 10 

In this process, the compound (XXVI) can be prepared by reducing the com- 
pound (XXV) or its derivative at carboxy, 

Examples of the derivative at carboxy of the starring compound (XXV) are the 
same as those illustrated in the explanation for the compound (I). 
15 In this reaction) the reduction is conducted in a conventional manner, and 15 

examples of the reducing agents and the .reduction conditions are substantially the 
same as illustrated in the explanation of the reduction for Process 6. 

(16) Process 16: (XXVII )-*(XXVIII) 

In this process, the compound (XXVIII) can be prepared by reacting the com- 
20 pound (XXVII) or its derivative at carboxy with an amine compound of the formula; 20 

R27 — NHa wherein R, 7 is as denned above. 

Examples of the derivative at carboxy of the starting compound (XXVH) may 
include same ones as illustrated in the explanation for the compound (I). 

Examples of a&oxy group and alkanoyl moiety in the alkanoylamino in the defi- 
25 nm'ons for R* T in the amine com pound are the same as illustrated in the above 25 

explanation for the compound (XXVII). 

In the reaction, the amine compound (R 2T — NH 2 ) may be used in the form of 
its salt with an acid such as inorganic salt (e.g. hydrochloric acid, sulfuric add) and 
organic acid (e.g. formic acid, acetic acid), and in this case the reaction may be pre- 
30 ferably conducted under alkaline condition, for example, in the presence of alkali 30 

metal (eg., sodium hydroxide, potassium hydroxide) or alkaline earth metal (e.g., 
calcium hydroxide). 

The reaction is usually conducted in an inert solvent Suitable examples of the 
solvent are water and an hydrophilic solvent such as methanol, ethanol, propanol, 
35 and N,N-dimethyl formamide, and any other solvent which does not give bad 35 

influence to the present reaction. 

There is no particular limitation to the reaction temperature, and the present 
reaction is usually conducted under cooling at ambient temperature or at somewhat 
elevated temperature. 

40 (17) Process 17: (XXIX)-*(XXX) 40 

In this process, the object compound (XXX) can be prepared by acylating the 
compound (XXIX) or its derivative at carboxy with an acylating agent 

Exam ples of the derivative at carboxy of the starting compound are the same 
as those illustrated in the explanation for the compound (I). 
45 Examples of acylating agent and acyl group in acylamino for R„ may include 45 

the examples as illustrated in the explanation for Process 1. 

The acylation reaction of the present conditions, for example, the solvent and 
the reaction temperature, are also the same. 

This proce ss is conducted in a conventional manner, and may be conducted in 
50 substantially the same conditions (e.g., solvent, reaction temperature) as those men- 50 

tioned in the explanation for Process 1. 

(18) Process 18: (XXXI)->(XXXII) 

In this process, the object compound (XXXII) can be prepared by reacting the 
compound (XXXI) or its derivative at carboxy with a hydroxyalkane sulfonic acid 
00 of the formula; 55 



_S3 13519,495 , 33 

HO--<>-S0 5 H 

Rsa Ras 

or die salt thereof, wherein R M and Ra» are as defined above. 

Examples of the derivative at carboxy of the starting compound (XXXI) are 

the same as tho.se illustrated in the explanation for the compound (I). 
5 Examples of alkyl in the definitions of Rj 2 and R 85 for the above reagent, 5 

hydrcxyalkane sulfonic add, are illustrated in the explanation for the compound 

(XXXII). As an example of the salts of said hydroxvalfcane sulfonic acid, there may 

be illustrated an salt with metal such as alkali metal (e.g. sodium, potassium) or 

alkaline earth metal (e.g. calcium, magnesium). 
10 The hydroxyalkanesulfonic acid to be used as a reagent can be prepared by 10 

reacting a carbonyl compound of the. formula 



(wherein R 32 and Ra» are as defined above) with sulfurous acid or the salt thereof 
(e,g. alkali or alkaline earth metal). Then, the object compound (XXXII) may be 

15 also prepared by reacting the compound (XXXI) with the above carbonyl compound 15 
and thereafter with the sulfurous acid or the salt thereof, the case of which is included 
within the scope of the present process. 

The reaction is usually conducted in a solvent. As examples of the suitable sol- 
vents, there may be illustrated water hydrophilic solvent such as methanol, ethanol, 

20 propanol, tetrahydrofuran, dioxane, N,N-dimethyIforinamide, and the mixture 20 
thereof, and any other solvent which does not give bad influence to the present 
reaction. 

There is no particular limitation to the reaction temperature, and the present 
reaction is usually conducted under cooling, at ambient temperature or at an elevated 
25 temperature. 25 
In the course of the reaction, amino group of the compound (XXXI) may react 
with the hydroxvalkanesulfonic acid to be converted into the corresponding di-substi- 
tuted amino group 

[— N( — C— SOjH) 2 or the salt thereof], 
R32 'Ra» 

30 the case of which is also included within the scope of the present process. 30 
When the hydroxvalkanesulfonic acid is used as a reagent the reaction is pre- 
ferably conducted in the presence of alkali or alkaline earth metal 

(19) Process 19: (XXXIII)-»(XXXIV) 

In this process, the compound (XXXIV) having esterified carboxy group 
( — OOORan and — COOR 4l wherein R*, and R 4l are a group which is derived from 35 
an esterifying agent) can be prepared by reacting the compound (XXXIII) with a 
conventional esterifying agent. 

Examples of esterified carboxy of the object compound may include the same as 
illustrated in the explanation of the ester for the derivative of carboxy for the compound 
(I) including silyl ester, aliphatic ester, ester containing aromatic or heterocyclic ring. 40 

Esterifying agent may include any conventional agent which can esterify a carboxy 
group to provide an esterified carboxy group. 

Suitable esterifying agents may include a halide compound such as alkyl halide 
(e.g., methyliodide, ethylbromide, ethyliodide, propylbromide; substituted alkylhalide 
such as alkanoyloxy alkylhalide (e.g., acetoxymethylchloride, acetoxyethylchloride 45 
acetoxypropylbromide), aroylalkylhalide (e.g., phenacyl bromide) or an aralkylhalide 
(eg., benzylchloride, phenethylchloride) ; 

a diaikyl sulfate (e.g., dimethyl sulfate, diethyl sulfate, dipropyl sulfate); 
an alkyl sulfonate (e.g., methyl benzenesulfonate, methyl p-tohienesulfonate, ethyl 
4-bromobenzenesulfonate); 50 

a holoformate such as alkyl haloformate (e.g., methyl chloroformate, ethyl chloro- 
formate, propyl chloroformate; 

a diazoalkane (e.g., diazomethane, diazoethane) and; 

a hydroxy compound such as alcohol, for example, an alkanol (e.g., methanol, 
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ethanol, propanol, 2-chIoroethanoI, 2,2j2-trichloroethanol, butanol, 1-cyclopropyl- 
ethanol); and an aralkanol (e.g., benzylalcohol, diphenylmethanol, phenethylalcohol). 

In case that the hydroxy compound is used as a esterifying agent in this process, 
the reaction may be preferably conducted in the presence of a condensing agent such as 
5 those illustration in the explanation of the condensing agent for process 1. 5 

In the course of the present reaction, hydrogen atom in the hydroxy group of the 
starting compound (XXXIII) may be replaced by a group which is derived from an 
esterifying agent, that is the said hydroxy group may be, for example, alkylated, 
aralkylated. Such cases as mentioned above are included within the scope of the present 
10 process. 10 

The reaction is usually conducted in a solvent such as water, dioxane, acetone, pyr- 
idene, N-N-dimethylform amide or ether. 

There is no particular limitation to the reaction temperature, and the reaction is 
usually conducted under cooling at ambient temperature or an elevated temperature. 

15 (20) Process 20: (XXXV)-»(XXXVI) 15 

In this process, the object compound (XXXVI) can be prepared by oxidizing the 
compound (XXXV) or its derivative at carboxy. Examples of the derivative at carboxy 
of the starting compound (XXXV) are the same as those illustrated in the explanation 
for the compound (I). 

20 The present oxidation are conducted in a conventional manner. 20 

As examples of the oxidizing agentSj there may be employed such examples as 
illustrated for the oxidizing agents for Process 12. 

The reaction of the present process also are conducted under substantially same 
conditions (e.g. solvent, reaction temperature) as mentioned in the explanation of 
25 Process 12. 25 

(21) Process 21: (XXXVII)-* (XXXVIH) 

In this process, the object compound (XXXVIII) can be prepared by reacting 

the compound (XXXVII) or its derivative at carboxy with a diazotizating agent and 

then solvolyzing the resulting diazonium salt. 
30 The examples of derivative at carboxy of the starting compound (XXXVII) are 30 

the same as those illustrated in the explanation of the derivative of carboxy for u A M 

with respect to the compound (I). 

Suitable examples of diazotizing agent to be used in the reaction may include 

dinitrogen tri oxide; nitrous acid or its derivative such as alkyl ester (e.g., methyl nitrite, 
35 ethyl nitrite, amyl nitrite), alkali metal salt (e.g., sodium nitrite, potassium nitrite) ; 35 

and mixed anhydride (eg., mtrosyl chloride, nitrosyl bromide, nrtrosylsulfuric acid, 

nhrosylacetic acid). 

The diazotization is usually conducted in a solvent such as water, methanol, ethanol, 
N,N-dmemylformamide, dimethylsulfoxide or any other solvent which does not give 

40 bad influence to the reaction. 40 

The resulting diazonium salt which is produced by reacting the compound 
(XXXVII) or its derivative at carboxy with a diazotizating agent is solvolyzed by 
treating the reaction mixture per se or the isolated diazonium salt under acidic condition 
in the presence of an add such as an inorganic acid (eg., hydrochloric acid, sulfuric 

45 acid, phosphoric acid, nitric acid) and an organic acid (e.g., formic acid, acetic acid, 45 

propionic acid, butyric acid, p-toluenesulfonic acid). 

There is no limitation to the present reaction temperature and the reaction is 
usually carried out under cooling, at ambient temperature, or at an elevated temperature. 
In the present reaction, the amino group in the starting compound (XXXVII) is 

50 first diazotizated and then the resulting diazonium salt is solvolyzed to the correspond- 50 

ing hydroxy group. Then, depending upon a kind of the diazotizing agent to be used, 
the object compound (XXXVIII) or its derivative at carboxy can be prepared by one 
step by diazotizing the compound (XXXVII) or its derivative at carboxy, under acidic 
condition, i.e. in an acidic solvent selected from a liquid inorganic or organic acid as 

55 stated above and a mixture of the inorganic or organic acid and the solvent as mentioned 55 

above, whereby the object compound (XXXVIII) are obtained without any specific 
solvolysis treatment 

(22) Process 22: ( XXXIX )->( XXX X) 

In this process, the object compound (XXX) can be prepared by reacting the 
60 compound (XXXIX) or its derivative at carboxy with an aryl halide of the formula: 60 

R"X' wherein R" is aryl which may be substituted by at least one substituent of nitro, 
esterified carboxy and aromatic heterocyclic group, and X' is halogen. 
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Examples of the derivative at carboxy of the starting compound (XXXIX) are the 
same as those illustrated in the explanation for the compound (I). 

Suitable examples of aryl in the aryl which may be substituted by at least one 
substituent of nitro, esterifled carboxy and aromatic heterocyclic group for R« are the 
5 same as those illustrated in the explanation for Process 13 (to be referred to the expla- 5 
nation of the compound ( XXII) ) . 

Further, examples of the ester in the esterified carboxy may include the same as 
those illustrated in the explanation of the ester for the definition of A for the compound 
(I). Examples of the aromatic heterocyclic group are illustrated in the explanation for 
10 the compound (XXXIX). 10 

The reaction is conducted under substantially the same conditions (solvent, reac- 
tion temperature) as those explained in the explanation of the reaction for the Process 
13. 

(23) Process 23: ( XXXXI )~>(XXXXII) 
15 In this reaction, the object compound (XXXXII) can be prepared by reacting the 15 

compound (XXXXI) with an alkylating agent 

Suitable alkylating agents may include, for example, alkanol (e.g., methanol, 

ethanol, propanol, isopropyl alcohol, butanol), diazoalkane (e.g, diazomethane, diazo- 

ethane), dialkyl sulfate (eg., dimethyl sulfate, diethyl sulfate, dipropyl sulfate), alkyl 
20 tosylate (eg., methyl tosylate, ethyl tosylate). 20 
The present reaction is usually conducted in a solvent such as methanol, ethanol, 

acetone, ether, dimethylformamide and any other solvent which does not give bad 

influence to the reaction. 

In case that diazoalkane, dialkyl sulfate or alkyl tosylate is used as an alkylating 
25 agent in the present reaction, both of carboxy and hydroxy groups of the compound 25 

(XXXXI) are usually alkylated, but in case that alkanol is used as an alkylating agent, 

carboxy group of the compound (XXXXI) is selectively alkylated. 

When dialkyl sulfate, alkyl tosylate is employed as an alkylating agent in the 

present reaction, the reaction may be preferably conducted in the presence of a base 
30 such as an inorganic base (e.g., sodium hydroxide, potassium hydroxide, sodium 30 

carbonate, potassium carbonate, sodium bicarbonate, potassium bicarbonate) and an 

organic base (e.g., trimemylamine, triethylamine, pyridine, picoline), and when alkanol 

is employed as an alkylating agent in the present reaction, the reaction is preferably 

conducted in the presence of a conventional condensing agent such as l-(4-chloro- 
35 benzenesulfonyloxy)-6-chloro-lH-benzotriazole. 35 
There is no particular limitation to the present reaction temperature, and it may be 

suitably selected in accordance with kinds of the compound (XXXXI) and, an alkylating 

agent to be used. For example, when diazoalkane is employed in the present reaction, 

the reaction may proceed under cooling or at ambient temperature. 

40 (24) Process 24: (XXXXIII) ->(XXXXIV) 40 
In this process, the object compound (XXXXIV) can be prepared by subjecting 
the compound (XXXXIII) to elimination reaction of the protective group of amino. 

The present elimination reaction is conducted in a conventional manner, that is 
under substantially the similar conditions as those described in the elimination reaction 
45 of the protected group of amino of the compound (XIII) in Process 9. 45 

Examples of the protected group may include the same as those illustrated in the 
explanation with respect to the compound (IV). 

In this reaction, in case that the starting compound (XXXXIII) has the other 
protected amino, protected hydroxy and/or protected carboxy group, such protected 
50 group may be eliminated in the reaction to be converted into the corresponding amino, 50 
hydroxy and/or carboxy group, whose reaction is also included within the scope of the 
present process. 

(25) Process 25: (XXXXV)-»(XXXXVI) 

In this process, the object compound (XXXXVI) can be prepared by reacting the 
55 compound (XXXXV) with a reagent selected from hydrazide, hydroxyalkylamine and 55 
aralkylamine or the salt thereof. 

Suitable examples of hydroxyalkylamine may include hydroxyethylamine and 
hydroxypropylamine, and suitable examples of aralkylamine may include benzylamine 
and phenemylamine. 

60 Suitable examples of the salts of hydrazide, hydroxyalkylamine or aralkylamine w 

may include an organic acid salt (e.g., acetate, maleate, tartrate, benzenesulfonate, . 
toluenesulfonate) and an inorganic acid salt (e.g., hydrochloride, sulfate, phosphate). 
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The present reaction can be conducted under substantially the similar conditions 
as those described in the explanation of the acylation of the compound (II) in Process 1. 

(26) Process 26: (XXXXVII)^(XXXXVin) 

In this process, the object compound (XXXXVIII) can be prepared by reacting 
5 the compound (XXXXVII) with an esterified a&ene carboxylic acid. 5 

Examples of alfcene- moiety in the esterified alkene carboxylic acid may include 
alfcenyl which may be branched, such as 1-propenyl, 1-butenyI, 1-pentenyl, isopropenyi, 
methylpropenyl, methylbutenyl, methylpentenyl, ethylpropenyl, ethylbutenyl, and 
examples of ester moiety therein may include a non-reactive ester in the ester as illus- 
10 trated in the explanation of the ester with respect to the compound (I), (I') and (II). 10 

The present reaction is usually conducted in a solvent which does not give bad 
influence to the reaction such as water, methanol, ethanol, acetone, chloroform or 
dimetfaylf orm amide. 

The present reaction can be preferably conducted in the presence of a base such as 
15 an inorganic base (eg., sodium hydroxide, potassium hydroxide, sodium carbonate, 15 

potassium carbonate, sodium bicarbonate, potassium bicarbonate) and an organic base 
(eg., trimethylamine, triethylanune, pyridine, picoline). 

There is no particular limitation to the present reaction temperature, and the reac- 
tion may proceed under cooling or warming. 

20 (27) Process 27: ( XXXXVII)-* (XXXXIX) 20 

The object compound (XXXXIX) can be prepared by reacting the compound 
(XXXXVII) or its salt with an esterified aliphatic hydrocarbon carbonyl acetic acid or 
its sate. 

Examples of aliphatic hydrocarbon moiety in the esterified aliphatic hydrocarbon 

25 carbonyl acetic acid may include the same as those illustrated in the explanation of that 25 

in the acyl for the compound (I). Suitable example of the esterified aliphatic hydro- 
carbon carbonyl acetic acid is esterified alkanoylacetic acid such as esterified acetyl, 
propinoyl, butyryl acetic acid. Examples of ester moiety in esterified aliphatic hydro- 
carbon carbonyl acetic acid may include a non-reactive ester in the ester as illustrated 

30 in the explanation of the ester with respect to the compound (I), (I') and (II). 30 
Suitable salt of the compound (XXXXVII) may include an organic acid salt (eg., 
acetate, maleate, tartrate, benzenesulfonate, toluenesulfonate) and an inorganic acid salt 
(eg., hydrochloride, sulfate, phosphate), and a suitable salt of an alkanoylacetic acid 
ester may include an inorganic base salt (e.g., sodium salt, potassium salt, calcium 

35 salt, magnesium salt). 35 
The present reaction can be conducted with or without solvent. Suitable solvents 
may include methanol, ethanol, propanol, ether, acetone, benzene, toluene and any other 
solvent which does not give bad influence to the reaction. The present reaction can be 
preferably conducted in the presence of a base such as an inorganic base (eg., sodium 

40 hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate, sodium 40 
bicarbonate, potassium bicarbonate) and an organic base (e.g., triraethylamine, triethyl- 
amine, pyridine, picoline). 

There is no particular limitation to the present reaction temperature, and the 
present reaction are usually conducted under wanning or heating. 

45 Thus obtained object compound (XXXXIX) may include an isomer of the com- 45 

pound (XXXXIX) wherein R 33 is replaced by an acylamino having alkyfidenamino 
substituted by esterified carboxy. 

(28) Process 28: (XXXXXII)-* (XXXXVII) 

In this process, the object compound (XXXXVII) can be prepared by reducing 
the compound (XX XXXII). 50 

The reduction is conducted in a conventional manner in which nitro and azido 
group can be reduced to amino group, including the reduction method as described in 
fiie reduction for Process 15. 

Suitable reduction applicable for the reaction may include a chemical reduction 
using a metal (eg., tin, zinc, iron) and an acid (e.g., acetic acid, hydrochloric acid) or 55 
a catalytic reduction in the presence of a metallic catalyst such as palladium carbon, 
Raney-nickel, platinum oxide and other conventional catalysts. 

The reaction is conducted in a solvent such as methanol, ethanol or propanol 

There is no particular limitation to the present reaction temperature, and it may 
60 suitably selected in accordance with kinds of the compound (XXXXXII) and reduction 60 

methods. 
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(29) -(a) Process (29-(a): (XXXXXIII )-*(XXXXXIV) 

In this process, the object compound (XXXXXIV) can be prepared by reducing 
the compound (XXXXXIII). 

The reduction is conducted in a conventional manner. Suitable reduction applicable 
5 for the present reaction may be, for example, reduction using an alkali metal boro- 5 

hydride (e.g., sodium borohydride, lithium borohydride). 

The present reaction is usually conducted in a solvent which does not give bad 
influence to the reaction such as water, methanol, ethanol, chloroform, benzene or 
toluene. 

10 There is no particular limitation to the present reaction temperature, and it may 

be suitably selected in accordance with kinds of the compound (XXXXXIII) and 
reduction methods. 

(29>-(b) Process 29-(b): (XXXXXV)->(XXXXXVI) 

In this process, the object compound (XXXXXVI) can be prepared by reacting 
15 the compound (XXXXXV) or its derivative at carboxy with an aralkylamine under 15 
reductive condition. 

Suitable examples of aralkylamine are benzylamme and phenethylamine, whose 
benzene ring may be substituted by at least one suitable substituent. 

Examples of the derivative at carboxy of the starting compound (XXXXXV) are 
20 the same as illustrated in the explanation of the derivative of carboxy for "A" with 20 
respect to the compound (I). 

The present reaction is conducted under reductive conditions, that is by reacting 
the starting compound (XXXXXV) with an aralkylamine in the presence of a conven- 
tional reducing agent or by reacting the starting compound (XXXXXV) with an 
25 aralkylamine and then reducing the resulting product with a conventional reducing 25 
agent. 

Suitable examples of the reducing agents are, an alkali metal borohydride (eg., 
sodium borohydride, potassium borohydride), and other conventional reducing agent 
and methods as illustrated in Process 6 can be used. 
30 In case that the reaction is conducted by reacting the compound (XXXXXV) 30 

with an aralkylamine and then reducing the resulting product, the reaction of the com- 
pound (XXXXXV) with an aralkylamine can be preferably conducted in the presence 
of base such as an inorganic base (e.g., sodium hydroxide, potassium hydroxide, sodium 
carbonate, potassium carbonate, sodium bicarbonate, potassium bicarbonate) and an 
35 organic base (e.g^ trimethylamine, triethylamine, r>yridine, picoline). 35 
The present reaction is usually carried out in a solvent which does not give bad 
influence to the reaction such as methanol, ethanol, chloroform, benzene or toluene. 

There is no particular limitation to the present reaction temperature, and it may 
be suitably selected in accordance with kinds of the compound (XXXXXV), aralkyl- 
40 amine and reduction conditions or reduction methods. 40 

(30) Process 30: (XXXXXVII)-KXXXXXVIII) 

In this process, the object compound (XXXXXVIII) can be prepared by reacting 
the compound (XXXXXVII) or its derivative at carboxy with a trialkylamine. 

Examples of the derivative at carboxy are the same as illustrated in the explanation 
45 of the derivative of carboxy for " A " with respect to the Compound (I) . 45 

Suitable trialkylamines may include trimethylamine, triemylamine and tripropyl- 
araine. 

The present reaction is usually conducted in a solvent which does not give bad 
influence to the reaction such as methanol, ethanol, acetone, ether, camethylformamide 
50 and the like. 50 

There is no particular limitation to the present reaction temperature, and the reac- 
tion is usually conducted at ambient temperature or under warming. 

(31) Process 31: (XXXXX)->(XXXXXI) 

In this process, the object compound (XX XX XI) can be prepared by reacting the 
55 compound (XXXXX) or its derivative at carboxy with an araflcanoylating agent. 55 

The derivative at carboxy of the starting compound (XXXXX) are the same as 
illustrated in the explanation of the derivative of carboxy for " A " with respect to the 
compound (I). 

The aralkanoylation is conducted in a conventional manner, and the reaction is 
60 conducted under substantially the same condition (solvent, reaction temperature) as 60 
illustrated in the acylation for Process 1. 
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Examples of aralkanoylating agents may include the same as illustration in the 
explanation of the acylating agent for Process 1. 

According to kinds of the reactions to be used in the afore-mentioned Processes, 
the carboxy group may be converted into the corresponding derivative at carboxy and/or 
5 the derivative at carboxy may be converted into the corresponding free carboxy group * 

in the course of the reaction of the starting compounds or the post treatment of the 
reaction mixtures or the object compounds. In the same manner, protected group(s) of 
die protected carboxy, protected amino and/or protected hydroxy, may be convened 
into the corresponding carboxy, amino and/or hydroxy group(s), respectively. Such 

10 cases of the reactions as mentioned above also include within the scope of the Processes 10 

as concerned in the present invention. 

_ The object compounds (I) of the present invention have antimicrobial activities 
against various pathogenic microorganisms and may be useful for treatment of diseases 
infected by such microorganisms in human being and animals. 

15 ^ With regard to the representative object compounds of the present invention, their 15 

antimicrobial activities against pathogenic microorganisms are illustrated as M.LC. 
(Minimum Inhibitory Concentration) value determined in a conventional manner as 
followed. In the following, M.I.C. value is shown as microgram per ml. 

An object compound of Example 39, Pseudomonas aeruginosa (3); an object com- 

20 pound of Example 51, Bacillus subtilis (12.5); an object compound of Example 112, 20 

Escherichia colt (60), Proteus vulgaris (<3), Staphylococcus aureus (60); an object 
compound of Example 157, Bacillus subtilis (7.5), Staphylococcus aureus (7.5); an 
object compound of Example 158, Bacillus subtilis (80), Staphylococcus aureus (80); 
an object compound of Example 161, Escherichia colt (16), Proteus vulgaris (8), 

25 Staphylococcus aureus (8); an object compound of Example 291, EschericHa colt 25 

(1.6), Proteus vulgaris (25); an object compound of Example 300, Pseudomonas 
aeruginosa (15), Escherichia coli (60); an object compound of Example 400, Pseudo- 
monas aeruginosa (32), Escherichia coli (16); an object compound of Example 469, 
Bacillus subtilis (60), Escherichia coli (4), Staphylococcus aureus (4); an object com- 

30 pound of Example 489, Pseudomonas aeruginosa (15), Escherichia coli (3.9), Proteus 30 

vulgaris (60); an object compound of Example 507, Pseudomonas aeruginosa (6.3), 
Proteus vulgaris (25); an object compound of Example 508, Pseudomonas aeruginosa 
(6.3), Proteus vulgaris (25); an object compound of Example 511, Bacillus subtilis 
(6), Escherichia coli (30), Staphylococcus aureus (60). 

35 As previously mentioned, most of the compounds produced by the processes 35 

according to the invention are new. The new compounds may be particularly repre- 
sented by the following formula. 

\ 

yN-CH — CH 2 
R t W— A3. 

in which 

l (1} R. and are each hydrogen, 40 

(2) is hydrogen and is hydrocarbon sulfonyl (such as arene sulfonyl), 

(3) Ka and Rb together form a bivalent acyl group derived from a dicarboxylic acid 
(e.g. phthalic add), 

^4) R» is hydrogen and 

« 45 
4-aminobenzoyI, 
3,5^iammobenzoyI, 

2- [4-(2-chloroacetyl)phenyl] acetyl, 

3- phenylacryloyl, 

4- (2-phenoxyacetamido)benzoyl, 50 
3-(2-chIorophenyl)-5-methyl-4-isoxazolecarbonyl, 
2^-dimethylpropionyl, 
3-(3-oxo-l,2-oxazoIidin-4-yl) carbamoyl, 
3-methylthioacryloyl, 

2 - [2 - [4 - chloro - 2 - {4 - (2 - bromoacetamido)benzoyl} - phenoxylacet- 55 
amido] - 2 - phenylacetyl, 

2 - [2 - beiizyloxyiniino - 2 - (4 - methoxyphenyl)acetamido] - 2 - phenylacetyl, 
2 - [4 - (4 - chloroanilinomethyl)phenoxy] - 2 - methylpropionyl, 
2 - [2 - [4 - chloro - 2 - [4 - {2 - (2 - pyridylthio)acetamido} - benzoyl] phen- 
oxyjacetamido] - 2 - phenylacetyl, or an acyl group as mentioned in the explanation of 60 
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an acyl group for Rj, and more particularly an acyl group selected from the following 
groups: — 



(i) ftl-CHfCH^o 



CO— 



wherein 



5 n is an integer 0 — 4 5 

IV is hydrogen; or carboxy or its derivative (e.g., the salt, the ester), 
Rt, 2 is hydroxy; halogen; azido; amino; aliphatic radical-amino such as alkylamino, 
alkenylamino, cycloalkylamino, arylamino; acylamino such as aliphatic acylamino 
(e.g., alkanoylamino), aliphatic rawcal-oxy( thiocarbonyl) amino [e.g., alkoxy(thio- 
10 carbonyl) amino], aryloxy-aliphatic acylamino (e.g., aryloxyalkanoylamino), aryl- 10 

aliphatic acylamino (eg., aralkanoylamino), beterocyclic-aliphatic acyiamino (eg., 
heterocyclic alkanoylamino), aroylamino; substituted ureido such as N'-arylureido; 
substituted thioureido such as N'-arylthioureido; or arylthio. 
Rb 3 is hydrogen; hydroxy; amino; arylamino; acylamino such as aliphatic acylamino 
15 ( e .g., alkanoylamino), aliphatic radical-oxy (thiocarbonyl) amino [e.g., alkoxy- 15 

(thiocarbonyl) amino], aroylamino; substituted ureido such as N'-arylureido; or 
substituted thioureido such as N'-arylthioureido, 
Rb 4 is hydrogen, or 

Rb 3 and Rb 4 together form oxo; hydroxyimino; or substituted hyd^xyimino such as 
20 alkoxyimino, m 20 

an which the aliphatic hydrocarbon moiety may be substituted by at least one suitable 
substituent of carboxy or its derivative (e.g., the salt, the ester), halogen, sulfo, and the 
aryl and heterocyclic ring may be substituted by at least one suitable substituent of 
nitro, halogen carboxy or its derivative (eg., the salt, the ester). 

25 (ii) R^-O-^CO— : 25 

h 



in which 

R b * is oxo; hydroxyimino; or substituted hydroxyimino such as aliphatic radical-oxy- 

imino (eg ? altwxyimino), aryl-aliphatic radical-oxy imino (eg., aralkoxyimino). 
Rb s is cyano; aliphatic radical such as alkyl; aryl; heterocyclic radical; aliphatic radical- 

30 amino such as alky] amino; aryl-aliphatic radical-amino such as aralkylamino; or 30 

aliphatic radical-oxy such as alkoxy, 
in which the aliphatic moiety may be substituted by at least one suitable substituent 
such as hydroxy, carboxy or its derivative (eg., the sab, the ester) and the aryl and 
heterocyclic ring may be substituted by at least one suitable substituent such as hydroxy, 

35 aliphatic radical-oxy (e.g., alkoxy, alkenyloxy) which may have carboxy or its derivative, 35 

aryl-aliphatic radical-oxy (e.g., aralkoxy). 

(iii) R b T — CO—: 

wherein 

R b 7 is aryl; aryloxy; aryl-^aliphatic radical-oxy such as aralkyloxy; arylamino; 
40 heterocyclic radical; guanidino; or substituted guanidino such as acylguanidino 40 

(eg., 3-aralkanoylguanidino), 
in which aryl and heterocyclic radical may be substituted at least one suitable substi- 
tuent such as nitro, halogen, aliphatic radical (e.g., alkyl), aliphatic radical-oxy (eg., 
alkoxy) 

45 (iv) R b B — (CH}) n — CH — (CH 2 ) a — CO — : 45 

8 I 
R b ' 

wherein 

n, and n a are each 0 or an integer of 1 — 4, 

R b a is hydrogen; aliphatic radical such as alkyl; aryl; substituted oxy such as aryloxy; 
heterocyclic radical; or N-substituted carbamoyl such as N-arylcarbamoyl, 
50 in which the aryl and heterocyclic radical may be substituted by at least one suitable- 50 

substituent (eg., hydroxy). 
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Rt,* is hydrogen; amino; azido; halogen; hydroxy; carboxy or its derivative (e.g., the 
salt, the ester) ; sulfo; substituted sulfo such as arylsulfo; aliphatic radical such as 
alkyl, alkenyl, 

which may be substituted by at least one suitable substituent selected from amino, 
5 protected amino, azido, halogen, hydroxy, carboxy or its derivative (eg., the salt, the 5 

ester), sulfo, acyl (eg., aroyl), N,N-disabstituted amino (eg., N-alkyl-N-arylamino 
alkyl), aryl, substituted aryl, heterocyclic radical and substituted heterocyclic radical; 

aryl 

which may be substituted by at least one suitable substituent selected from hydroxy, 
10 nitro, carboxy, halogen and substituted sulfonamido [e.g., aromatic ring sulfonamido 10 

(eg., benzenesulfonamide) which may have at least one substituent (eg., carboxy, 
hvdroxy)]; 

heterocyclic radical 

which may be substituted by at least one suitable substituent selected from aliphatic 
15 radical, aryl, heterocyclic radical and acylamino [e.g., heterocyclic radical, alkyl-hetero- 15 

cyclic radical, aryi-heterocyclic radical, heterocyclic-heterocyclic radical, heterocyclic- 
aKpharic acyl (eg. heterocyclicalfcanoyl) amino-heterocyclic radical, aryialiphatic acyl 
(eg. aralkanoyl) amino-heterocyclic radical in which aryl and heterocyclic ring may 
have at least one suitable substituent (eg. oxo, halogen) ] ; 

20 acyl such as 20 

aroyl; 

aliphatic radical-oxy such as 
alkoxy, cycloalkyloxy which may be substituted by at least one suitable substituent; 

aryloxy 

25 whose aryl ring may be substituent by at least one substituent selected from nitro, 25 

halogen, acyl (e.g., fonnyL, alkanoyl), acylamino (eg., alkanoylamino), aryl, aryl- 
aliphatic radical amino (eg., aralkylamino), and aliphatic radical (eg., alkyl, alkenyl) 
which may be substituted by at least one suitable substituent [eg., carboxy or its 
derivative (the salt, the ester), amino, hydroxy, nitro, hydroxyimino, substituted 

30 hydroxyimino such as aliphatic radical-oxyimino (eg., alkoxyimino), which may be 30 

substituted by carboxy, (N-halo-N,N,N-triaIiphatic radicalammonio) aliphatic acyl- 
hydrazono (eg., (N-halo-N,N^-trialkylannnonio)-aIkanoylhydrazono), aliphatic 
radical-thio-aliphatic acylamino (eg., alkylthioalkanoylamino) in which aliphatic-thio 
moiety may be substituted by at least one suitable substituent (e.g., amino, carboxy)] ; 

35 heterocyclic-oxy; 35 

aliphatic radical-thio 

which may be substituted by at least one suitable substituent selected from amino, 
carboxy, acyl and acylamino, [e.g., alkylthio, alkenylthio, acylamino-aliphatic radical 
thio (eg., aroylalkanoylamino-aBgrlthio) acyl-aliphatic radical-thio (e.g., aroyl-alkyl- 
40 thio, N-arylcaibamoyl-alkylthio) which may have at least one suitable substituent (e.g., 40 

halogen, nitro)]; 

aliphatic radical-sulfinyl 
which may be substituted by at least one suitable substituent selected from substituted 
carbamoyl, (eg,, alkylsulfinyl, N-arylcarbambylalkylsulfinyl); 

45 arylthio 45 

which may be substituted by carboxy; 

heterocyclic-thio 

which may be substituted by at least one suitable substituent of amino, hydroxy, amino 
aliphatic radical or acylamino-aliphatic radical, [eg., heterocyclic-duo, aminoalkyl- 
50 heterocyclic-thio, alkanoylaminoalkyl-heterocyclic thio), which may have at least one 50 
suitable substituent (eg., hydroxy); 

arylamino 

which may be substituted by at least one suitable substituent; 
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heterocyclic-amino 

which may be substituted by at least one suitable substituent selected from oxo, aiyl 
(e.g., oxo-substhuted heterocyclic amino, aryl-heterocyclic amino); 

mono- or di- substituted amino such as 
5 aliphatic radical-amino (e.g., alkylamino), N-aliphatic radical -N-protected- amino 5 

(eg-, N-alkyl-N-protected carboxy amino), N-substituted-N-aiylamino [e.g., 
N-aliphatic radicaf-N-arylamino (e.g., N-alkyl-N-arylamino)], N-acyl-N-arylamino 
(e.g., N-alkanoyl-N-arylamino), N-aliphatic radical-N-arylamino (e.g., N-alkyl-N- 
arylamino) in which aliphatic hydrocarbon moiety may have at least one suitable sub- 
10 stituent (e.g., azido, carboxy) N-substituted sulfonyl-N-arylamino (e.g., N-alkanesul- 10 

fonyl-N-arylamino] ; 

acylamino selected from: — 

aliphatic acylamino 

(e.g., alkanoylamino) which may be substituted by at least one suitable substituent (e.g., 
15 halogen, amino); 15 

aliphatic radical-oxy-aliphadc acylamino 
(e.g., cycloalkyloxyalkanoyl) which may be substituted by at least one suitable 
substituent; 

aliphatic radical-thio- aliphatic acylamino 
20 (e*g>, alkylmioalkanoylamino) in which aliphatic hydrocarbon moiety may be substituted 20 

by at least one suitable substituent (e.g., amino, halogen, carboxy); 

aryl-aliphatic acylamino 
in which aryl ring may be substituted by at least one suitable substituent selected from 
aliphatic radical oxy, aryloxy (e.g., alkoxy-aralkanoylamino, aryloxy-aralkanoylamino) 
25 in which aliphatic hydrocarbon moiety and aryl ring may have at least one suitable 25 
substituent [eg, halogen, arylalipbatic radical-oxyimino (e.g., aralkoxyimino), aryl- 
amino, amino, hydroxy] ; 

aiylaroino-aKphatic acylamino 
(&g., aiylarmnoaikanoyiamino) in which aryl ring and aliphatic hydrocarbon moiety 
30 may be substituted by at least one suitable substituent (e.g., halogen, carboxy, amino); 30 

aryloxy-aliphatic acylamino 
whose aryl ring may be substituted by a substituent selected from aliphatic radical (e.g., 
aikyl), aryl, aryialiphatic radical (e.g., aralkyl), heterocyclic radical, aryl (eg., aliphatic 
acyl, substituted-aroyl, heterocyclic-carbonyl) aryialiphatic radical-amino-aliphatic 
35 radical (eg., aralkylaminoalkyl), [eg,, aryloxyalkanoylamino which may be substituted 35 
by at least one suitable substituent (e.g., halogen, nitro, caiboxy, formyl, carbazoyl); 

alkyl-aryloxyalkanoylamino 
which may be substituted by at least one suitable substituent (e.g., hydroxy); 
aryl-aiyloxyalkanoylamino ; 

40 aralkyl- aryloxyalkan oy lamino 40 

which may be substituent by at least one suitable substituent (e.g., hydroxyimino, 
halogen); 

formyl-aryloxyalfcanoylamino; 

alkanoyl-aryloxyalkanoylamino ; 

45 aroyl-aryloxyalkanoylamino 45 

which may be substituted by at least one suitable substituent (e.g., nitro, amino, 
halogen); 

alkylmioalkanoylammoaroyl-aiyloxyalkanoylamino 
which may be substituted by at least one suitable substituent (eg., halogen, amino, 
50 carboxy); 50 
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10 



15 



20 



25 



30 



35 



40 



aliyltWoalkylaminoarcryl-aiyioxyalkanoylainiiio 
which may be substituted by at least one suitable substituent (eg., ammo, halogen); 

( N-halo-N,N,N-trialkylammomo) alkanoylammoaroyl-aiyloxyalkanoylamino 
which may be substituted by at least one suitable substituent (eg., halogen) ; 

heterocych^-carbonyl-arylo^alkanaylamino 
which may be substituted by at least one suitable substituent (eg., halogen) ; 

aralkylanimoaJkyl-aryloxyalkanoylanmio 
which may be substituted by at least one suitable substituent (eg., alkoxy, carboxy 
alkoxy, carboxy); 



in which heterocyclic ring may be substituted by at least one suitable substituent (e.g., 
alkyl, aryl., ^substituted (eg., halo) aryl) and alkane moiety may be substituted by at 
least one suitable substituent (e.g., halogen, amino); 

diaryloxy-aliphatic acylamino 
(eg., dia^loxyaikanoylamino) in which aliphatic hydrocarbon moiety may be substi- 15 
tuted by at least one suitable substituent (e^», 3 halogen, amino) ; 

aryltiiio-aliphatic acyl amino 
(e.g., arylthioalkanoyl amino) which may be substituted by at least one suitable substi- 
tuent (e.g., carboxy); 

heterocyclic-aliphatic acylamino 20 
in which heterocyclic radical may have at least one suitable substituent [eg., aliphatic 
radical (eg., alkyl), aryl which may have a substituent (eg., halogen)] and aliphatic 
hydrocarbon moiety may have at least one suitable substituent (e.g., halogen, amino); 

heterocyclic-heterocyclic-ahphatic acylamino 
(eg., heterocychc-heterocyclic-alkanoyl); 25 

heterocyclicthio-aliphatic acyl amino 
(eg., heterocydicthioalkanoyl amino) which may be substituted by at least one suitable 
substituent [eg., hydroxy, amino, aliphatic radical (alkyl) which may have at least one 
suitable substituent (e.g, amino)] ; 

acyJamino-aliphatic acylamino 30 
[e.g., arylaliphatic acylamino-aliphatic acylamino (eg., aralkanoylamino-alkanoylamino) 
in which aliphatic hydrocarbon moiety and/or aryl ring may be substituted by at least 
one suitable substituent (eg., amino, halogen, carboxy); 

substituted sulfinyl-aliphatic acylamino 
(eg., arylsurfinylalkanoylamino) which may be substituted by at least one suitable sub- 35 
stmient (eg., carboxy); 

substituted sulfo-aliphatic acylamino 
(eg., arylsuUoalkanoylamino) ; 

N,N-disubstituted ammo-aliphatic acylamino 
(eg., (N-aryl-N-arylsulfonylammo)alkanoylamino); 40 

substituted glyoxyloylamino 
(eg., arylglyoxyloylamino); 

substi tuted-oxyalylamino 
(e.g., alkoxyalylamino, aralkylaimnooxyalylamino); 

N-subsrituted carbamoyl 45 
(eg., N-arylcarbamoyl) ; 

guanidinocarbonylamino; 
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substituted sulfonamido 
[e.g., aromatic ring sulfonamido (e.g., benzenesulfonamido)] aliphatic hydrocarbon 
suKonamido (e.g., alkane sulfonamido) which may have at least one suitable substituent 
(eg., hydroxy, carboxy, halogen); 

5 substituted ureido 5 

[fcg 0 acyl ureido (eg., N'-aroylureido, etc.)] 

substituted aminoxy 

such as acylaminoxy [e.g., aliphatic acylaminoxy which may be substituted by aryloxy 
(e.g., aryloxyalkanoy laminoxy ) ] , alkylideuaminoxy which may be substituted by aryl, 
10 heterocyclic radical, (e.g., a Iky 1 i denaminoxy, heterocyclic-alkylidenaminoxy, aralkyl- 10 

idenaminoxy), which may have at least one suitable substituent (e,g., carboxy, or its 
derivative alkoxy), in which, the aryl and heterocyclic ring may be additionally sub- 
stituted by at least one suitable substituent selected from carboxy or its derivative (eg., 
the salt, the ester), amino or protected amino, hydroxy or protected hydroxy, halogen, 
15 hitro, oxo, carbazoyl, acyl [eg., aUcanoyl (e.g., formyl, alkanoyl], aliphatic radical (eg., 15 

alkyl), aliphatic radical-oxy (eg., alkoxy), aryl, aryl-aliphatic radical (e.g., aralkyl) or 
acylamino (e.g, alkanoylaminoO ; and the aliphatic moiety or radical may comprise 
1—8 carbon atoms, preferably 1—4 carbon atoms and may be additionally substituted 
by at least one suitable substituent selected from carboxy or its derivative (the salt, the ' 
20 ester) amino or protected amino, azido, nitro, halogen, hydroxy or sulfo. 20 

Further, in the above definition, heterocyclic radical is mentioned in the above 
explanation, and particularly is intended to mean mono-aliphatic or aromatic hetero- 
cyclic radical, which may be 5 — 7 membered heterocycle containing at least one hetero 
atom selected from oxygen, nitrogen and sulfur, and poly-aliphatic or aromatic hetero- 
25 cyclic radical, for example, benzene-fused heterocyclic radical, heterocycle-fused aryl, 25 

radical or heterocycle-fused heterocyclic radical, in which the heterocycle may be 5—7 
membered heterocycle containing at least one heteroatom selected from oxygen, nitrogen 
and sulfur. 

Aa is a group of the formula : 
30 — CH— A» 2 30 



A, 



in which 

A a 8 is phenyl which may be substituted by at least one substitutent selected from 
hydroxy, amino, nitro, alkyl, alkoxy, aralkoxy, alkylthio and halogen, and 
A* 3 is carboxy or its derivatives, 
35 provided that, when 35 

R x is 2-[4-(3-ammo-3<arboxypropoxy)phenyl]-2-hydroxyimmoacetanM 
A is not a-carboxy-4-hydroxybenzyl or its derivative at the carboxy group. 
The object compounds (I) of the present invention may be formulated for adininis- 
tration in any convenient way by analogy with other antibiotic. 
40 Thus, the composition of present invention can be used in the form of pharma- 40 

ceutical preparation, for examples, in solid, semisolid or liquid form, which contains the 
active object compound (I) of the present invention in admixture with a pharmaceutical 
organic or inorganic carrier or excipient suitable for external or parenteral 
applications. The active ingredient may be compounded, for example, with 
usual carriers for tablets, pellets, capsules, suppositories, solutions, emulsions, 45 
aqueous suspensions, and other form suitable for use. The carriers which 
can be used are glucose, lactose, gum acacia, gelatin, mannitol, starch paste, 
magnesium trisilicate, talc, corn starch, keratin, colloidal silica, potato starch, urea and 
other carriers suitable for use in manufacturing preparations, in solid, semisolid, or 
liquid form, and in addition auxiliary, stabilizing, thickening and coloring agents and 50 
perfumes. The compositions of the present invention can also contain preserving or 
bacteriostatic agents thereby keeping the active ingredient in the desired preparations 
stable in activity. The active object compound (I) of the present invention is included 
in the composition of the present invention in an amount sufficient to produce the 
desired therapeutic effect upon the bacterially infected process or condition. While the 55 
dosage or therapeutically effective quantity of the compound (I) of the present inven- 
tion varies from and also depends upon the age and condition of each individual patient 
to be treated, a daily dose of 0.5 — 5 g, preferably 1 — 2 g/day of the active ingredient is 
generally given for treating diseases against which the compound (I) of the present 
invention are useful. 60 

The following examples are given for the purpose of illustrating the present 
invention. 
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Example 1. 

3-Amino-l-(a-caitK)xy^hydroxyben2yl) -2-azetidinone (hereinafter referred to 
3-aminolactadllanic acid) (0.94 g.) was suspended in water (10 mL), whereafter to 
the suspension was added sodium bicarbonate (0.80 g.). To the solution was added 
acetnne (10 ml.) and then the solution was cooled to — 7 5 C, whereafter acetone (5 ml.) 
containing 2-phenylacetyl chloride (0.80 g.) was added to the solution. The reaction 
mixture was stirred at the same temperature for 2 hrs, and then the acetone was distilled 
off under reduced pressure. The remaining aqueous layer was washed with ether, and 
then adjusted to pH 2 with 10% hydrochloric acid, whereafter twice extractions were 
carried out with ethyl acetate (15 ml.). The extracts obtained were combined, and 
washed with water and a sodium chloride-saturated-aqueous solution, respectively, 
whereafter it was dried over anhydrous magnesium sulfate. The solvent was distilled 
off from the extract and the residue obtained was treated with a small amount of a 
mixture of ethyl acetate and ether to give 3-(2-phenylacetamido)-lactacilIanic acid 



The following compounds were obtained in substantially the similar manner as 
described above. 
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Example 89. 

Sodium bicarbonate (0.453 g.) was dissolved in water (10 ml), and the solution 
was cooled to 5 °C To the solution was added 3-aminoiactadllanic acid (0.427 g.), and 
then acetone (10 ml) was added to the solution. To the solution was added dropwise 
5 an acetone (5 ml) solution of butyric add anhydride (038 g.) for 5 minutes. Sodium 5 

bicarbonate (0.04 g.) was added to the reaction mixture and then stirred for U hrs. at 
5°C. The acetone was distilled off from the reaction mixture, and the aqueous layer was 
washed with ether, and then adjusted to pH 1 to- 2 with 10% hydrochloric acid. The 
aqueous layer was extracted with ethyl acetate (30 ml) twice respectively. The extracts 
10 were combined, washed with water (50 ml) and then washed with a sodium chloride- 10 

saturated-aqueous solution, and dried over anhydrous magnesium sulfate. The solvent 
was concentrated to give crystals of 3-toityramidokctacfllanic acid (112 nig.). Mp 178 
to 178J°C (dec.). 

Example 90. 

15 Pivaloyl chloride (0.350 g.) was dissolved in methylene chloride (15 ml), and to 15 

the solution was added a solution prepared by dissolving 4-methoxyphenyIgryoxylic acid 
(0.520 g.) and triethylamine (0.290 g.) in methylene chloride (10 ml). The mixed 
solution was reacted for 1 hour to prepare a mixed acid anhydride solution with 4-meth- 
oxyphenyigryoxylic acid and pivahc acid. On the other hand, N,0-bis(trimethylsilyl)- 

20 acetamide (2.3 g.) was added to a suspension prepared by suspending 3-aminolacta- 20 

rillanic acid (0.680 g.) in methylene chloride (10 ml), and the suspension was stirred 
for 1 hour at ambient temperature. To the solution obtained was added the mixed acid 
anhydride solution obtained above, and the reaction mixture was reacted for 2 hrs., 
keeping the reaction temperature at —10 to — 15°C, The methylene chloride was 

25 distilled off from the reaction mixture, and the residue obtained was dissolved in ethyl 25 
acetate. The solution was washed with 5% hydrochloric acid and a sodium chioride- 
saturated-aqueous solution, respectively, and then dried over anhydrous magnesium 
sulfate. The solvent was distilled off from the solution, and diisopropyl ether (about 
30 ml) was added to the residue, and then the mixture was stirred for 1 hour. The 

30 precipitating material obtained was collected by filtration to give the powder (1.14 g.). 30 

This powder was dissolved in ethyl acetate (30 ml), and the solution was treated with 
an activated carbon (0.11 g.) and filtered. The nitrate was concentrated to the volume 
of about 2 ml, and crystals were obtained by scrubbing the wall of the vessel contain- 
ing the solution. The crystals were collected by nitration and recrystallized from a small 

35 amount of ethyl acetate to give crystals of 3-(4-methoxyphenyJglyoxyloylamino)Iacta- 35 

dlianic acid (0.16 g.). Mp 178 to 181 °C (dec.). The following compounds were 
obtained in substantially the similar manner as described above. 
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and the crystals were collected by filtration to give crystals of 3-(guanidinocarbon- 
amido)lactacilIanic acid (0.15 g.). Mp 206 to 210°C. 



A solution containing 2-phenyl-N- ( 2^ ^-trichloroethoxycarbonyl) glycine (1.42 g.) 
and thionyl chloride (15 ml) was heated for 1 hour under reflux. The excess of the 
thionyl chloride was distilled off from the solution under reduced pressure, and the 
residue obtained was dissolved in acetone. To the solution was added dropwise a solu- 
tion containing 3-aminolactacillanic acid (1.0 g.), sodium bicarbonate (0.9 g.), water 
(JP ml 0 and acetone (40 ml.) under cooling at 0 to 5°C The acetone was distilled 
off from the reaction mixture under reduced pressure, and the remaining solution was 
washed with ethyl acetate. The solution was adjusted to pH 1 to 2 with 10% hydro- 
chloric acid, and then extracted with ethyl acetate. The ethyl acetate layer was separated 
out and dried over anhydrous magnesium sulfate. The solvent was distilled off from the 
ethyl acetate solution, and the residue (2.1 g.) obtained was dissolved in ether. The 
ether solution was concentrated to give a residue. The residue was washed with diiso- 
propyl ether to give crystals of 3 - [2-phenyl-N- (2,2,2-trichloroethoxycarbonyl ) riycin- 
arnido]lactacillanic add (1.69 g.). Mp 130 to 132°C ( dec.). 

The following compounds were obtained in substantially the similar manner as 
described above. 
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rion mixture was stirred for 1 hour at the same temperature and further for 1 hour 
under ice-cooling. The methylene chloride was distilled off from the reaction mixture, 
and to the residue was added a solution containing 5% sodium bicarbonate aqueous 
solution (25 ml) and ethyl acetate (30 ml.)* The aqueous layer was separated out, and 

5 then washed with ethyl acetate. The aqueous layer was adjusted to pH 3 with 10% 5 

hydrochloric acid under ice-cooling) and then the aqueous solution was extracted with 
ethyl acetate. The ethyl acetate layer was separated out, and the remaining aqueous layer 
was adjusted to pH 1 to 2 with 10% hydrochloric acid, and then the aqueous solution 
was extracted with ethyl acetate several times. These ethyl acetate layers and the ethyl 

10 acetate layer obtained above were combined, and the solution was washed with a sodium 10 

chloride- saturated-aqueous solution, and then dried over anhydrous magnesium sulfate. 
The solvent was distilled off from the ethyl acetate solution, and the residue (330 mg.) 
obtained was powdered with ether. The powder was washed with acetone to give crystals 
of 3 - [ 2-( 2-pyridyioxy ) acetamido] lactacillanic acid (130 mg.). Mp 192.5 to 193 °C 

15 (dec). 15 

Example 132. 

A mixture of N,N-dimetfcyfformamide (292 mg.) and thionyl chloride (710 mg.) 
was heated for 30 minutes at 50°C The excess of the thionyl chloride was distilled off 
from the mixture to give a residue. The residue was washed with ether. Methylene 

20 chloride (7 mL) was added to the residue and then the solution was cooled to 0 to 5°Q 20 

whereafter a solution prepared by dissolving 2-(5,6^^3ilrydro-2H-pyran-3-yl)glycolic 
acid (455 mg.) in methylene chloride (5 ml.), was added drop wise to the solution. To 
the reaction mixture was added dropwise a methylene chloride (5 ml) solution of tri- 
ethylamine (-600 mg.) during 10 minutes under cooling at — 30°C, and the solution 

25 was stirred for 30 minutes at the same temperature. The solution was added all at once 25 

to a mixture of 3^ammolactarillanic acid (472 mg.), N,0-bis(trimemylsiryl)acetamide 
(122 g.) and methylene chloride (10 ml.) which had been stirred for 2 hrs. at room 
temperature previously. Hie reaction mixture was stirred for 2 hrs. at — 50°C, and 
further stirred for 2 hrs^ elevating slowly the reaction temperature to 0°C The solvent 

30 was distilled off from the reaction mixture, and to the remaining solution were added a 30 
sodium bicarbonate aqueous solution and ethyl acetate. The aqueous layer obtained was 
adjusted to pH 1 to 2 with 10% hydrochloric acid, and then the solution was extracted 
with ethyl acetate. The extract was washed with water, and dried over anhydrous mag- 
nesium sulfate, and then the solvent was distilled off from the extract to give crystals of 

35 3-[2-(5,6^ffirydro-2H-pyranO^^ acid (80 mg.). 35 

LR. absorption spectrum, 

van" 1 (Nujol): 1740, 1685, 1660. 

Example 133. 

To the solution of methylene chloride (10 ml.) containing ethyl chloroformate 

40 (216 mg.) was added dropwise a mixture of 2-(2-bromoacetamido)-2-phenylacetic 40 

acid (576 mg.), triethylamine (200 mg.), N 3 N-dimethylbenzyIamine (one drop) and 
methylene chloride (8 ml) under cooling at — 30° C, and then the reaction mixture was 
stirred for 30 minutes at the same temperature. A mixture of 3-aminoIactacillanic acid 
(472 mg.), N,0-bis(trimethylsilyl)acetarnide (1.2 g.), methylene chloride (10 mL) 

45 and N^-dimethylformamide (1 ml), which had been stirred for a while at room tern- 45 

perature and cooled to 0°C was added aU at once to the reaction mixture, keeping the 
temperature of the reaction mixture at — 30°C. The reaction mixture was stirred for 2 
hrs. at - 25° C and then stirred for 1 hour, elevating slowly the reaction temperature to 
0°C. The reaction mixture was concentrated, and to the residue obtained were added 

50 ethyl acetate and water. And then the mixture was adjusted to pH 1 to 2 with 10% 50 

hydrochloric acid. The ethyl acetate layer was separated out, washed with water, dried 
over anhydrous magnesium sulfate and then concentrated. The residue obtained was 
washed with diisopropyl ether, and then powdered with ethyl acetate to give 3-[2-(2- 
bromoacetamido)-2-phenylacetamido] lactacillanic acid (400 mg.). Further, the same 

55 compound (188 mg.) was recovered from the mother liquor. Total yield was 588 mg. 55 

Mpl5 t 6tol61°C(dec). 

The following compounds were obtained in substantially the similar- manner as 
described above. 
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Example 141. 

A mixture of N-phenylimidinodiacetic acid (537 mg.), N,N'-dicyclohexylcarbo- 
diimide (495 mg.), chloroform (9 ml) and dioxane (3 ml.) was stirred for 1.5 hrs. 
under ice-cooling. The insoluble materials were filtered off from the solution, and to the 

5 filtrate was added all at once a mixture of 3-aminolactadllanic acid (472 mg.), methyl- 5 

ene chloride (10 mi) and N,0-bis(trimethylsi!yl)acetamide (1.2 g.), and then the 
reaction mixture was stirred for 4 hrs. at room temperature. The solvent was distilled 
off from the reaction mixture, and the residue was dissolved in ethyl acetate, and to the 
solution was added a sodium bicarbonate aqueous solution. The mixture was adjusted 

10 to pH 4.0 with 10% hydrochloric acid, and the ethyl acetate layer was separated out. 10 

The remaining aqueous layer was adjusted to pH 1 to 3 with 10% hydrochloric acid, 
and the aqueous solution was extracted with ethyl acetate. The ethyl acetate layers 
were combined, washed with water and dried, and then the solvent was distilled off 
from the solution to give crystals of 3-(N-carboxymethyl-N-phenylglycinamido)lacta- 

15 cillanic acid (260 mg.).Mp 142.5 to 145°C (dec). 15 

Example 142. 

A solution, prepared by dissolving 2- [4-(3-bromopropoxy)phenyl] acetic acid 
(300 mg.) and thionyl chloride (300 mg.) in chloroform (2 ml), was heated for 2 hrs. 
under reflux. The solvent and the excess of the thionyl chloride were distilled off from 

20 the solution and the residue obtained was dissolved in dried acetone (1 ml.) The solu- 20 

tion was added dropwise to a solution, prepared by dissolving 3-aminolactacillanic acid 
(240 mg.) and sodium bicarbonate (210 mg.) in a mixture of water (10 ml.) and 
acetone (10 ml.), under cooling at 0 to 5°C while stirring. The reaction mixture was 
stirred for 45 minutes at the same temperature. The acetone was distilled off from the 

25 reaction mixture, and to the remaining aqueous layer was added ethyl acetate (30 ml.). 25 

The mixture was adjusted to pH 1 with 10% hydrochloric acid. The ethyl acetate layer 
was separated out, and then the aqueous layer was extracted with ethyl acetate (20 mi) . 
The ethyl acetate layers were combined and washed with a sodium chloride-saturated- 
aqueous solution, and then dried over anhydrous magnesium sulfate. The solvent was 

30 distilled off from the solution, and the residue (510 mg.) obtained was washed with 30 

ether to give crystals of 3- [2-(4~(3-bromopropoxy)phenyl)acetamido] lartacil tonic acid 
(420 mg.). Mp 120 to 123°C (dec). 

The following compounds were obtained in substantially the similar manner as 
described above. 
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Example 148. 

A mixture of 3-armnolactacUlanic acid (472 mg.), N,0-bis(trimethylsiIyi)acet- 
amide (12 g.), methylene chloride (10 ml) and N^-dimethylfonnamide (1 ml.) was 
stirred for 1 hour at room temperature. The solution was cooled to 0 to 5°C, and to the 
5 solution was added dropwise a methylene chloride (3 ml) solution containing hexa- f 
dficanoyl chloride (548 mg.), whereafter the reaction mixture was reacted for 1 J hrs.- 
at the same temperature and further for 30 minutes at ambient temperature. The reac- 
tion mixture was concentrated, and to the remaining solution were added ethyl acetate 
and water, and then the mixture was adjusted to pH 1 to 2 with 10% hydrochloric acid. 

10 The ethyl acetate separated out was washed with water and then dried over anhydrous 
magnesium sulfate. The solution was concentrated to give crude 3-hexadecanoylamino- 
lactacillanic acid (0.95 g.). Furthermore, the product (600 mg.) was subjected to 
column chromatography using silica : gel and elution was conducted with ethyl acetate. 
The solvent was distilled off from the eluate to give the purified object compound 

15 (110mg.).Mpl57tol61°C(dec.). 15 

Example 149. 

To a solution of 2-[N-(2-thmyhden)aminooxy]-2-phenylacetic acid (400 mg.)* 
triethyl amine (155 mg.) and tetrahydrofuran (10 mi) was added dropwise a solution, 
prepared by dissolving pivaloyl chloride (184 mg.) in tetrahydrofuran (3 ml.), during 

20 5 minutes under cooling at —2 to 0°C, and the mixture was stirred for 30 minutes. The 20 
solution was added all at once to a solution of 3-aminolactacillanic acid (320 mg.), N,0- 
bis(trimethylsQyl)acetamide (825 mg.) and methylene chloride (lO^mt) under cooling 
^ — 30°C, and the reaction mixture was reacted for 2 J hrs., elevating slowly the reac- 
tion temperature to 10°C. The solvent was distilled off from the reaction mixture, and 

25 to the remaining solution were added a sodium bicarbonate aqueous solution and ethyl 25 
acetate. The aqueous layer separated out was adjusted to pH 1 to 2 with 10% hydro- 
chloric acid and then extracted with ethyl acetate. The extract was washed with water 
and dried, and then the solvent was distilled off from the solution to give residues 
(300 mg.). The residues were dissolved in acetone and then sodium 2-ethylhexanate was 

30 added to the solution to give crystals of 3-[2-{N-(2-thenyliden)aminooxy]-2-phenyl- 30 
acetamidojlactacillanic acid sodium salt (160 mg.)- 
I.K. absorption spectrum, 

v cm- 1 (Nujol): 1730, 1650, 1600. 

Example 150. 

35 3-Aminolactacillanic acid (355 mg.), N,0-bis(trimemylsilyl)acetamide (0.92 g.) 35 

and N^T-dimethylformamide (0.23 ml.) were added to methylene chloride (7 ml), 
and the solution was stirred for 2 hrs. at room temperature. On the other hand, 2-(2- 
nitrophenoxy)-2-phenoxyacetic add (380 mg.), triethylamine (132 mg.) and N,N- 
dimethylbenzylamine (2 drops) were dissolved in methylene chloride (10 mL), and the 

40 solution was cooled to — 30°C. To the solution was added dropwise ethyl chloroformate 40 
(141 mg.), and the mixture was stirred for 40 minutes at the same temperature. To this 
solution was added all at once to a solution of 3-arninolactacillanic acid (320 mg.), N,0- 
stirred for 5.5 hrs. at —40 to — 20°C. The solvent was distilled off from the reaction 
mixture under reduced pressure, and into the residue were poured ethyl acetate and a 

45 sodium bicarbonate aqueous solution. The aqueous layer separated out was adjusted to 45 
pH 1 to 2 with 10% hydrochloric acid, and then the mixture was extracted with ethyl 
■ acetate. The extract was washed with a sodium bicarbonate-saturated-aqueous solution 
and dried over anhydrous magnesium sulfate, and then the solvent was distilled off from 
the solution. The residue (540 mg.) obtained was dissolved in a small amount of 

50 acetone and sodium 2-ethylhexanate was added to the solution. To the solution was 50 

added ether, and the precipitating crystals were collected by filtration and washed with 
a mixed solvent of ether and acetone to give crystals of 3 - [ 2- ( 2-ni nop henoxy ) -2-phen- 
oxyacetamidojlactacillanic acid sodium salt (380 mg.). Mp 169 to 172°C (dec). 
The following compounds were obtained in substantially the similar manner as 

55 described above. 55 
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Example 175. 

^[4-{3-(4-Nitrophenyhm'o)pror)oxy}phenyl]aceti acid (260 mg.) and thionyl 
chloride (300 mg.) were dissolved in chloroform (10 ml), and the solution was heated 
for 2 hrs. under reflux. The chloroform and the excess of the thionyl chloride were 
distilled off from the reaction mixture under reduced pressure, and the residue obtained 5 
was dissolved in acetone (1 ml). The acetone solution was added dropwise to a solu- 
tion of 3-aminolactacillanic acid (ISO mg.), sodium bicarbonate (160 mg.), water 
(5 mL) and acetone (5 ml) under cooling at 0 to 5°C, and then the reaction mixture 
was stirred for 45 minutes at the same temperature. The acetone was distilled off from 
the reaction mixture under reduced pressure, and into the residue obtained was poured 10 
ethyl acetate (40 ml.), and then the solution was adjusted to pH 1 with 10% hydro- 
chloric acid* The ethyl acetate layer was separated out, and tie remaining aqueous 
layer was extracted with ethyl acetate (20 ml.). The ethyl acetate layers were com- 
bined, washed with a sodium chloride aqueous solution and dried over anhydrous mag- 
15 nesium sulfate. The solvent was distilled off from the solution to give crystals of 3- [2- 15 
[4-{3-(4-nitrophenylthio)proroxy}ph^ acid (400 meA 

Mpl42tol46°C(dec). V J 

Example 176. 

A dried tetrahydrofuran solution (10 mL) containing 2-[2-(2-naphthoxy)acet- 
20 amidooxy]-2-phenylacetic acid (351 mg.) and triemylamine (101 mg.) was cooled to 20 
— 10°C, and to the solution was added dropwise a dried tetrahydrofuran solution 
(5 ml) containing pivaloyl chloride (120 mg.), and the mixture was stirred for 1 hour 
at the same temperature. The solution was cooled to — 30° C, and to the solution was 
added all at once a dried methylene chloride (5 mL) containing 3-aminolactadUanic 
25 acid (236 mg.J and N,0-bis(trimethylsilyl)acetamide (600 mg.), and the reaction 25 

mixture was stirred for 1 hour at — 10°C and for 1 hour at 0°C The solvent was 
distilled off from the reaction mixture under reduced pressure, and into the residue 
was poured a sodium bicarbonate-saturated-aqueous solution. The aqueous solution was 
washed with ethyl acetate, adjusted to pH 1 to 2 with 10% hydrochloric acid and then 
30 extracted with ethyl acetate. The extract was washed with water and a sodium chloride- 30 

saturated-aqueous solution, respectively, and then dried over anhydrous magnesium 
sulfate. The solvent was distilled off from the solution, and the residue obtained was 
powdered with ether to give crystals of 3-[2-{2-(2-naphthoxy)acetamidooxy}-2- 
phenyiacetanu^ojlactacillanic acid (340 mg.). Mp 109 to 112°C (dec). 

35 Example 177. 35 

2- [2-Oxo-3 - ( 2 -phenylacetamido ) - 1 -azeti dinyl] -3 -methy lbutyric acid (455 mg.), 
triethy lamin e (151 mg.) and N^-dimethylbenzylamine (2 drops) were added to 
methylene chloride (10 ml), and the solution was cooled to — 30°C. The solution was 
added dropwise a methylene chloride (5 ml.) solution containing ethyl chloroformate 

40 (163 mg/). The solution was cooled to -40°C, and to the solution was added all at 40 

once a solution, prepared by dissolving 3-aminolactacillanic acid (389 mg.), N,0-bis- 
(trimethylalyl)acetamide (1.0 g.) and N,N-dimethylformamide (0.25 ml.) in methyl- 
ene chloride (10 mL) and then by stirring the solution for 3 hrs. at room temperature. 
The reaction mixture was reacted for 1.5 hrs. under stirring. The solvent was distilled 

45 off from the reaction mixture, and to the residue were added ethyl acetate and a sodium 45 

bicarbonate aqueous solution, and then the aqueous layer was separated out The aqueous 
kyer obtained was adjusted to pH 1 to 2 with IN-hydrochioric acid, and extraction was 
carried out by adding ethyl acetate to the solution. The ethyl acetate layer was separated 
out, and the remaining aqueous layer was also extracted with ethyl acetate. These ethyl 

50 acetate layers were combined, washed with a sodium chloride-saturated-aqueous solu- 50 

tion and dried over anhydrous magnesium sulfate. The solvent was distilled off from the 
solution, and the powder (480 mg.) obtained was washed with ether to give crystals of 
3 - [2 - {2 - oxo - 3 - (2 - phenylacetamido) - 1 - azetidinyl} - 3 - methylbutyramidoj-* 
lactacillanic acid (359 mg.). Mp 160 to 164°C (dec) . 

55 The following compounds were obtained in substantially the similar manner as 55 

described above. 
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Example 189. 

3-Ammolactacillanic acid (0.708 g.) was suspended in dried methylene chloride 
(20 mL). To the suspension was added N,0-bis(truiiethylsilyl)acetamide (2,0 g.), and 
the mixture was stirred for a while to dissolve it On the other hand, N-[4-(3-benzyl- 

5 oxycarbonyl-5-oxo-l,3^xazoHdm^yl)butyryl]succinimide (1212 g.) was dissolved in 5 

dioxane (15 ml), and the solution was cooled to 0 to 5°C To the solution was added 
dropwise the solution obtained above, and the mixture was stirred for 6 hrs. at the same 
temperature. The reaction mixture was concentrated under reduced pressure to give a 
residue, and 5% sodium bicarbonate aqueous solution and ethyl acetate were added to 

10 the residue. The aqueous layer was separated out and washed with ethyl acetate twice. 10 

The aqueous solution was adjusted to pH 1 to 2 with diluted hydrochloric acid and then 
extracted with ethyl acetate. The extract was washed with water and dried over 
anhydrous magnesium sulfate. The solvent was distilled off from the solution, and the 
oily material (0.470 g.) obtained was subjected to column chromatography using 

15 silica: gel (10 g.). An elution was conducted with a mixture of ethyl acetate and 15 

methanol (volume ratio, 50:1), and the fractions containing the object compound were 
collected. These fractions were combined, and the solvent was distilled off from the 
solution to give 3-[4-(3-b«n2yloxycarbonyl-5-oxo-l 3 3-oxazoh'dm^yl)butyramido]- 
lactacillanic acid (0.100 g.). 

20 LR. absorption spectrum, 20 

v cm- 1 (Nujol) : 1730, 1720, 1700—1680, 1650. 

Example 190. 

3-Aminolactacillanic add (472 mg.), 2-(2-propionylphenoxy) acetic acid (458 
mg,), and ethyl chloroformate (238 mg.) was treated in substantially the similar man- 
25 ner as described in Example 109 to give 3-[2-(2-propionylphenoxy)acetamido]lacta- 25 

cillanic acid (40 mg.). Mp 114 to 118°C (dec.). 

Example 191. 

3-Aminolactacillanic acid (0236 g.), 2-[4-{4-chloro-N-(2,2^-trichIoroethoxy- 
carbonyl)amlmomemyl}phenoxy]-2-methylpropionic acid (0.610 g.) and thionyl 
30 chloride (7 mL) were treated in substantially the similar manner as described in 30 

Example 120 to give 3-[2-[^{4-c^oro-N-(2,2^-trichloroethoxycarbonyl)anilino- 
memyl}phenoxy]-2-metlrylpropi<mamido]lamcillanic acid (450 mg.). Mp 76 to 82°C 
(dec.). 

Example 192. 

35 1 - (1 - Methoxycarbonyl - 2 - methyl - 1 - propenyl) - 3 - phenoxyacetamido- 35 

2-azetidinone (1.0 g.) was dissolved in methylene chloride (40 mL). To the solution 
was added NjN-dimethylaniline (0.55 g.), and the solution was cooled to -35 to 
— 30°C. Phosphorus pentachloride (0,94 g.) was added to the solution all at once 
under stirring, and then the reaction mixture was stirred for 1.5 hrs. at the same teirt- 

40 perature. Methanol (0.9 g.) was added to the reaction mixture, and then the solution 40 

was stirred for an hour at the same temperature. Elevating the reaction temperature to 
0 ro 5°C, water (0.6 ml.) was added to the solution, and the solution was stirred for 
an hour. The reaction mixture was extracted with water three times (total volume: 
10 ml.), and these aqueous extracts were combined and adjusted to about pH 7 with 

45 sodium bicarbonate. The aqueous solution was washed with ethyl acetate (10 mL) and 45 

ethyl acetate (5 ml.) respectively. 

The aqueous layer was salted out with sodium chloride and then extracted with 
chloroform (8 ml.) seven times. These chloroform extracts were combined and dried 
over anhydrous magnesium sulfate, and the solvent was distilled off from the solution to 

50 give crystals of 3-ammo-l-(l-methoxycarbonyi-2-memyl-l-propenyl)-2-azetidinone 50 

(0.34 g.). A part of this product was treated with p-toluen sulfonic acid in a conven- 
tional manner to give p-toluensulfonic acid salt of an object compound. Mp 169 to 
171°C (dec). 

Example 193, 

55 1 - (1 - Carboxy - 2 - methylpropyl) - 3 - phenylacetamido - 2 - azetidinone 55 

(1.52 g.) and N,N-c^emylaniline (2.15 g.) were suspended in methylene chloride 
(12 ml.), and to the suspension was added tnmethylsiiyl chloride (0.88 g.). The solu- 
tion was stirred for 30 minutes at ambient temperature and cooled to — 50°C. Phos- 
phorus pentachloride (1.1 g.) was added to the solution and the solution was stirred for 

60 2 hrs. (the reaction temperature was elevated to about — 30° C during the stirring.). 60 

The solution was cooled to — 50°C, and n-butyl alcohol (1.85 g.) was added to the 
solution, and then the solution was stirred for 2 hrs. (in this rime, the reaction tempera- 
ture was elevated to about — 30°C). The solution was cooled again to -50°C, and a 
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solution preparing by dissolving sodium bicarbonate (1.3 g) in water (15 ml.), was 
added to die solution (in this time, the reaction temperature was elevated to about 
— 25 °C, and the solution indicated about pH 3). The solution was adjusted to pH 4 
with sodium bicarbonate, and then the aqueous layer was separated out and washed 

5 with ether. The solution was evaporated to dryness under reduced pressure, keeping the 5 

temperature of the solution under 25 °C. To the residue obtained was added isopropyl 
alcohol (15 ml.) j and the mixture was filtered to obtain an insoluble material and a 
filtrate. The filtrate was evaporated to dryness under reduced pressure. This operation 
was repeated twice to give colorless powdery 3-amino-l-(l-carbory-2-methylpropyl)-2- 

10 azetidinone (03 g.). These insoluble materials in isopropyl alcohol obtained above were 10 

combined and dissolved in a small amount of water, and the solution was adjusted to 
pH 2.5 with lN-hydrochloric acid. The aqueous solution was evaporated to dryness! 
under reduced pressure at 25°C, and the residue ohtained was treated with isopropyl 
alcohol in the similar manner as described above to recover an object compound 

15 (0.13 g.). Total yield was 0.43 g. This product was treated in a conventional manner 15 

to give its salt of D-camphor-10-sulfonic acid, and the salt was recrystallized from a 
mixture of acetone and ether to give D-camphor-10-sulfonic acid salt of the object 
compound. Mp 178 to 183° C. 

Example 194. 

20 3 - [2 - {4 - (3 - Benzamido - 3 - carboxypropoxy) phenyl} - 2 - (3 - phenyithio- 20 

ureido)acetamido]lactacillanic acid (7.2 g.) was dissolved in acetic acid (20 ml.), and 
to the solution was added dropwise concentrated hydrochloric acid (2 ml.) under cool- 
ing while stirring. The reaction mixture was stirred for 1.5 hrs. and poured into a mix- 
ture of ice-water (50 ml.) and ethyl acetate (50 ml). 

25 The mixture was separated into a ethyl acetate layer and an aqueous layer. The 25 

ethyl acetate layer was extracted with ice-water (20 ml.). This aqueous layer and the 
aqueous layer obtained above were combined, and washed with ethyl acetate (20 mi). 
To the aqueous layer was added a weak basic anion-exchange resin, Amberlite IR — 45 
(OH type) (trade mark, maker: Rohm and Haas Co. Ltd.,) (60 mi), and the mixture 

30 was stirred under ice-cooling, and then filtered. The resin was washed with ice-water 30 

(10 ml), and then the washing and the filtrate were combined, and concentrated under 
reduced pressure to obtain a residue. Methanol was added to the residue, and then the 
residue was collected by filtration. The residue was washed with acetone to give 3- 
aminolactacillanic acid. (0.59 g.). Mp 203 to 206°C (dec.). 

35 I.R. absorption spectrum, 35 

vcrn" 1 (Nujol): 1763,1742 
N.M.R. absorption spectrum, 

« ppm (D 2 O+Na0D): 2.89 (1H, d,d, J=3H, 6Hz) 
3.79(lH,t,J = 6H2) 

40 4.22 (1H, d,d, J=3Hz, 6Hz) 40 

526 (1H, s) 
6.91 (2H,d, J=9Hz) 
7.23 (2H, d,J = 9Hz) 

Example 195. 

45 3-(2-Phenykcetamido)lactacillanic acid was treated in substantially the similar 45 

manner as described in Example 193 to give 3-amino-lactacillanic acid, which was 
identified by comparing an I.R. absorption spectrum, a N.M.R. absorption spectrum 
and a melting point with an authentic sample. 

Example 196. 

50 3 - [2 - [4 - (3 - (3 - Phenylthioureido) - 3 - carboxypropoxy }phenyl] - 2 - (3- 50 

phenyltm*oureido)acetamido]lactacillanic acid (1.44 g.) was suspended in water (10 
ml.), and to the suspension was added anhydrous potassium carbonate (0.56 g.). The 
solution (pH 9) was stirred for 27 hrs, at 30°Q and then was filtered. The filtrate was 
diluted by adding ethanol (50 ml.) and the solution was allowed to stand under ice- 

55 cooling to give a precipitate. The precipitate was filtered off, and the filtrate was con- 55 

centrated under reduced pressure to give a residue. The residue was adjusted to pH 2 
with 5% hydrochloric acid, and then washed with ethyl acetate. The solution was 
adjusted to pH 7.5 with sodium carbonate, and then evaporated to dryness under 
reduced pressure to obtain the powder (0.75 g.). Water (7 ml) was added to the 

60 powder, and an insoluble material in the water was collected by filtration and washed 60 

with water to give 3-aminolactacillanic acid (40 mg.). The filtrate and the washing 
were combined, and the combined solution was treated with an activated carbon to give 
crude crystals of 3-aminolactacillanic acid (123 mg.). These object compounds were 
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combined and suspended in 30% aqueous methanol solution. The suspension was stirred 
for an hour, and, then filtered to give the purified crystals of 3-arainolactacUlanic acid 
(133 mg.)j which was identified by comparing an LR. absorption spectrum, a N.ALR. 
absorption spectrum and a melting point with an authentic sample. 

5 Example 197. 5 

3 _ [2 - [4 - {3 - (3 - Phenylthioureido) - 3 - carboxypropoxy}phenyl] - 2 - (3- 
phenylthioureido)acetamido] lactacillanic add (036 g.) was dissolved in methanol 
(3 ml.), and concentrated hydrochloric acid (0.1 ml.) was added to the solution under 
ice-cooling, and then the reaction mixture was stirred for 30 minutes. Sodium btear- 

10 bonate (0.08 g.) was added to the reaction mixture, and the solution was stirred for 10 

10 minutes. Ice-water (10 ml.) was poured into the solution, and the solution was 
filtered to remove precipitating crystals. The filtrate was washed with ethyl acetate 
(10 ml.) and evaporated to dryness under reduced pressure. Methanol was added to the 
residue to give crystals and the crystals were collected by filtration to give 3-amino- 

15 lactacillanic acid (10 mg.). The mother liquor was concentrated to recover an object 15 

compound (80 mg.), which was identified by comparing an I.R. absorption spectrum, 
a N.M.R. absorption spectrum, and a melting point with an authentic sample. 

Example 198. 

3 . [2 - [4 - {3 - (3 - Phenylthioureido) - 3 - carboxypropoxy}phenyl] - 2 - (3- 
20 phenyh±ioureido)acetamido] lactacillanic acid (0.50 g.) was dissolved in 2^,2-trifluoro- 20 

acetic acid (4 mi), and the solution was stirred for an hour under ice-cooling. The 
reaction mixture was poured into ice-water (about 10 ml.), and the solution was washed 
with ethyl acetate (10 ml.) twice. The aqueous solution was adjusted to pH 4 with a 
weak basic amon-exchange resin, Amberlite IR— -45 (OH type) (trade mark, maker; 
25 Rohm and Haas Co. Ltd.,) (9 J mi.), and the resin was filtered off from the mixture, 25 

and then the filtrate was concentrated to give residues. Methanol was added to the 
residues to give crystals, which were collected by filtration to give 3-amino-lactaciIlanic 
acid (30 mg.). This product was identified by comparing an LR. absorption spectrum, 
a NJVLR. absorption spectrum, and a melting point with an authentic sample. 

30 Example 199. 30 

3 - [2 - {4 - (3 - Acetamido - 3 - carboxypropoxy ) phenyl) - 2 - (3 - phenylthio- 
urddo)aceiamido3kctadllanic acid (0.67 g.) was dissolved in acetic acid (6.7 ml.), 
and to the solution was added all at once concentrated hydrochloric acid (0.15 ml.) 
under water-cooling while stirring, and then the reaction mixture was stirred for an 

35 hour. The reaction mixture was treated in substantially the similar manner as described 35 

in Example 198 to give 3 -amino lactacillanic acid (90 mg.), which was identified by 
comparing an LR. absorption spectrum and a N.M.R. absorption spectrum with an 
authentic sample. 

Example 200. 

40 3 - [2 - [4 - [3 - Carboxy - 3 • {N - ethoxy ( thi ocarbony 1 ) aminoprop oxy] ] - 40 

phenyl] - 2 - {N - emoxy(tm"ocarbonyl)ammo}acetarmdo^ acid was treated 

in substantially the similar manner as described in Example 199 to give 3-aminolacta- 
dllanic acid. 

Example 201. 

45 3 - [2 - [4 - {3 - (3 - Phenylthioureido) - 3 - carboxypropoxy}phenyl] - 2 - (3- 45 

phenyitHoureido)acetamido] lactacillanic acid (2.28 g.) was dissolved in acetic acid 
(6 ml.), and to the solution was added dropwise a mixture of concentrated hydrochloric 
acid (0-45 ml) and acetic acid (6 ml) during 15 minutes under water-cooling while 
stirring. Furthermore, the reaction mixture was stirred for 15 minutes, and ethyl acetate 

50 (25 mL) and water (25 ml.) were added to the reaction mixture, whereafter the mix- 50 

ture was stirred. The ethyl acetate layer separated out was extracted with water (10 
ml.). This extract and the aqueous layer obtained above were combined, and the com- 
bined aqueous solution was washed with ethyl acetate and adjusted to pH 3.4 with a 
weak basic anion-exchange resin, Amberlite IX — 45 ( OH type) (trade mark, maker: 

55 Rohm and Haas Co. Ltd.) (15 ml.). The resin was filtered off from the mixture, and 55 

the filtrate was concentrated under reduced pressure to give residues. Methanol was 
added to the residues to give crystals, which were collected by filtration to give 3-amino- 
lactacillanic acid (0.25 g,). This product was identified by comparing an LR. absorp- 
tion spectrum, a N.M.R. absorption spectrum, and a melting point with an authentic 

60 sample. 60 



10 



89 1,519,495 89 

Example 202. 

3 - [2 - {4 - (3 - Benamido - 3 - carboxypropoxy ) phenyl} - 2 - (2 - nitro - 4- 
methoxycarbonylanilino ) acetamido ] lactacillanic acid (1.54 g.) was dissolved in a mix- 
tore of water (10 ml.) and methanol (20 ml), and to the solution was added 10% 
> palladium : carbon (500 mg.) as a catalyst. The solution was stirred for 2 hrs. in 5 

hydrogen atmosphere under increased pressure using a middle-pressure reduction 
apparatus at ambient temperature. After the reaction was completed, the catalyst was 
filtered off, and the methanol was distilled off from the filtrate under reduced pressure. 
The remaining solution was washed with ethyl acetate and cooled. Acetone was added 
to the solution to give precipitating crystals, which were collected by filtration to give 10 
3-aniinolactacillanic acid (83 mg.). Furthermore, the mother liquor was evaporated to 
dryness under reduced pressure, and the residue obtained was washed with methanol to 
give crystals. The crystals were collected by filtration to give an object compound 
(50 mg.). Total yield was 123 mg. This product was identified by comparing an lit 
15 absorption spectrum and a N.M.R. absorption spectrum with an authentic sample. 15 

Example 203. 

3 - [2 - [4 - {3 - (2 - Nitro - 4 - methoxycarbonylaniiino) - 3 - carboxypropoxy }- 
phenyl] - 2 - (2 - nitro - 4 - methoxycarbonylaniiino ) acetamido ] lactacillanic add was 
treated in substantially the similar manner as described in Example 202 to give 3 -amino- 
20 lactacillanic acid. 20 

Example 204. 

^ 3 ; t 2 - (4 - (3 - Acetamido - 3 - carboxypropoxy) phenyl} - 2 - {3 - (1 - naph- 
ttyl)thioureido}acetamido] lactacillanic acid (2.5 g.) was dissolved in acetic acid 
(10 and to the solution was added concentrated hydrochloric acid (056 ml) 
25 under water-cooKng while stirring. The reaction mixture was stirred for 30 minutes, and 25 

then poured into a mixture of ice-water (10 ml) and ethyl acetate (20 ml), and the 
aqueous layer was separated out The remaining ethyl acetate layer was extracted with 
ice^water (10 ml). The aqueous layers were combined and washed with ethyl acetate 
(10 ml). A weak basic anion-exchange resin, Amberlite IR— 45 (OH type) (trade 
mark, maker; Rohm and Haas Co., Ltd.) (15 ml) was added to the solution, and then 30 
the mixture (pH 3.4) was stirred for 5 minutes. The resin was filtered off from the 
mixture and washed with ice-water (5 ml). The filtrate and the washing were combined 
and concentrated to give residues. The residues were washed with methanol to give 
crystals. The crystals were collected by filtration to give 3 -arninolactarillamc acid 
(149 mg.). Furthermore, the mother liquor was concentrated, and the residue obtained 35 
was washed with methanol to recover an object compound (80 mg.). Total yield was 
v??# m » g * J^ s P* odua was identified by comparing an LR. absorption spectrum and a 
N.M.R. absorption spectrum with an authentic sample. 

Example 205. 

, h ' K " t 4 'SI ~* Caibox y - 3 - {3 - (1 - naphthyl)thioureido}propoxy]phenyl]- 40 
Z - {3 - (1 - napnthyl) thioureido} acetamido] lactacillanic acid (2.6 g.) was reacted 
in substantially the similar manner as described in Example 204 to give 3-aminolacta- 
ciUanic acid ( 190 mg.), which was identified by comparing an I JL absorption spectrum 
and a melting point with an authentic sample. 

Example 206. 45 
3-(2-Phenylacetamido)-2-azetidinone (816 mg.) and benzyl 2-bromo-2-phenyl- 
acetate (1.22 g.) were dissolved in N,N-dimethylformamide (20 ml), and to the solu- 
tion was added sodium hydride (50% oily) (210 mg.) in nitrogen atmosphere under 
ice-cooling while stirring, and then the reaction mixture was stirred for an hour at the 
same temperature. Ethyl acetate (150 ml) was added to the reaction mixture, and the 50 
solution was washed with water, a sodium bicarbonate-saturated-aqueous solution and 
water respectively, and the dried over anhydrous magnesium sulfate. The solution was 
evaporated to dryness under reduced pressure to give the yellow oily material (1.7 g.). 
The material was subjected to column chromatography using silica : gel (developer: 
chloroform to give two isomers of l-(a-ben2yloxycarbonyIbenzyi)-3-(2-phenyl)acet- 55 
amido-2-azetidinone. Yield of the isomer A is 26 mg. and it of the isomer B is 65 rag. 
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Physical constant of isomer A: 

Oil 

Mass spectrum, 
m/c=428 (M + ) 

I JR. absorption spectrum, 

5 v cm" 1 (CHCU) : 1760, 1740 (shoulder), 1678. 5 

MAUL absorption spectrum, 

(CDCU): 3.46 (2H, m), 3.55 (2H, s), 4.96 (1H, m), 5.15 <2H, s), 
5.61 (1H, s), 6.37 (1H, d, J=8Hz), 6.90-7.60 (15H, m). 
Physical constant of isomer B: 
10 Mp:96to98 e C 10 

Mass spectrum, 
m/e=428 (M + ) 

I.R. absorption spectrum, 

v cm" 1 (Nujol): 1750, 1732, 1680. 
15 N.M.R. absorption spectrum: 15 

S wm (CDCU): 3.03 (1H, d,d, J=3Hz, 5Hz), 3.53 (2H, s), 3.85 (1H, d,d, 
J=5Hz, 5 Hz), 4.88 (1H, m), 5.17 (2H,s), 5.62 (lH,s), 
6.05 (lH,d, J = 8Hz), 7.00—7.60 (15H, m). 
The following compounds were obtained in substantially the similar manner as 
20 described above. 20 
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the same temperature. Ethyl acetate (150 ml.) was added to the reaction mixture, and 
the ethyl acetate layer was washed with water, a sodium bicarbonate-saturated-aqueous 
solution and water respectively, and then dried over anhydrous magnesium sulfate. The 
solvent was distilled off from die solution to give the oily residue (1.2 g). The residue 
5 was subjected to column chromatography using silica : gel (developer; chloroform) to 5 

give two isomers of l-(a-methorycarbonyl^memykhiobenzyl)-3-phenylacetamido-2- 
azetidinone. Yield of the isomer A: 10 mg, mp 115 to 117°C (dec): Yield of the 
isomer B: 43.5 mg, mp 157 to 159°C (dec). 

Example 219. 

10 3 - ( 2-Phenylacetamido ) -2-azeti dinone (408 mg.) and 2-chloroacetonitrile (152 10 

mg.) was dissolved in N,N-dimethylf orm amide (15 ml.), and to the solution was added 
sodium hydride (50% oily) (105 mg.) under stirring at ambient temperature, where- 
after the reaction mixture was stirred for an hour at room temperature, and ethyl acetate 
(100 ml) was added to the reaction mixture. The ethyl acetate layer was washed with 

15 water and dried over anhydrous magnesium sulfate, and then the solvent was distilled 15 

off from the solution under reduced pressure. The oily residue (025 g.) obtained was 
subjected to column chromatography using silica : get 1 -Cy anomethyl-3 - ( 2-phenylacet- 
amido ) -2-azeti dinone (56.3 mg.) was obtained from fractions eluted with chloroform. 
Mp 108 to 109°C (dec.). 

20 Example 220. 20 

2- (2-Phenoxyacetamido) -2-azetidinone (154 mg.) was dissolved in N,N-dimethyl- 
formamide (1.75 ml.), and to the solution was added all at once thnTKm n ethoxide 
(174.6 mg.), and then the mixture was stirred for 10 minutes at ambient temperature. 
To the reaction mixture was added dropwise a solution, prepared by dissolving ethyl 

25 2-bromo-2-(4-ethoxycarbonyloxyphenyl J acetate (232 mg.) in N^-^unethylfonnamide 25 

(0.6 mi), was added to the reaction mixture and then the reaction mixture was stirred 
for 2 hrs. at ambient temperature. The reaction mixture was filtered to give insoluble 
materials and a filtrate. The insoluble materials were washed with ethyl acetate. The 
filtrate and the washing were combined and diluted with ethyl acetate. The solution 

30 W as washed with water and dried over anhydrous magnesium sulfate. The solution was 30 

concentrated under reduced pressure to give the yellow oily residue, which was subjected 
to column chromatography using silica gel Oil of l-(a-ethoxycarbonyl-4-ethoxycarb- 
onyloxybenzyl) -3- (2-phenoxyacetamido) -2-azetidinone was obtained from fractions 
eluted with benzene. 

35 I.R. absorption spectrum; 35 

v cm- 1 (liquid film): 1760, 1740 (shoulder), 1675. 

Example 221. 

A isomer B of l-(o-benzyloxycarbonylbenzyl)-3-(2-phenylacetanudo)-2-azetidin- 
one (63 mg.) obtained in Example 206 was dissolved in isopropyl alcohol (12 ml.), 

40 and to the solution was added 10% palladium : carbon (10 mg.). The mixture was 40 

reacted in hydrogen atmosphere at ordinary temperature and ordinary arm. until the 
absorption of hydrogen gas was completed. The catalyst was filtered off, and the solvent 
was distilled off from the filtrate, and then ether was added to the residue obtained to 
give crystals of 1 - ( o-carboxybenzyl ) -3 -( 2-phenyl-acetamido ) -2-azetidinone (27 mg.), 

45 which was recrystaUized from a mixture of methanol and ether to give the purified 45 

object compound. Mp 174 to 175°C (dec.). 

Example 222. 

l-CarboxymethyI-3-( 2-phenylacetamido ) -2-azetidinone was obtained by treating 
l-Benzyloxycarbonylmethyl-3-(2-phenylacetamido)-2-azetidinone in substantially the 
50 similar manner as described in Example 221. Mp 144 to 145°C. 50 

Example 223. 

3- ( 2-Pheny lacetamido ) -2-azetidinone (750 mg.) and benzyl 2-bromo-2-(4~ 
benzyloxyphenyl) acetate (1.51 g.) was added to anhydrous N,N-a^methyIformamide 
(10 mi), and dissolved in it by warming for a while. The solution was cooled in an 

55 ice-water bath, and to the solution was added all at once sodium hydride (50% oily) 55 

(178 mg.) under stirring. After removing the cooling bath, the reaction mixture was 
stirred for 30 minutes to which ethyl acetate was added. The reaction mixture was 
filtered and the filtrate was washed with water, 2% hydrochloric acid and water respec- 
tively, and then dried over anhydrous magnesium sulfate. The solution was concentrated 

60 under reduced pressure to give an oily material (1.98 g.), which was subjected to column 60 

chromatography using silica : gel (40 g.). The fractions, eluted with a mixture of 
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benzene and chloroform were subjected to thin layer chromatography using silica : gel, 
and the thin layer was developed with a mixture of chloroform and acetone to give two 
isomers of l-(a-benzyloxycarbonyl-4-benzyloxybenzyl) -3-(2-phenylacetnmido) -2- 
azetidinone. The isomer A was recrystalKzed from a mixture of chloroform and ether. 

5 Yield: 90 mg. Mp: 129 to 130°C (dec.). The isomer B is oily material Yield: 120 mg. 5 

The isomer A (90 mg.) obtained above was dissolved in methanol (7 ml), and to the 
solution was added 10% palladium carbon (30 mg.). The mixture was reacted in 
hydrogen atmosphere at ordinary temperature and ordinary arm. until the absorption of 
hydrogen gas was completed. The catalyst was filtered off from the reaction mixture, 

10 and the filtrate was concentrated under reduced pressure. The residue obtained was 10 

crystallized from a mixture of ethyl acetate and ether to give crystals of 3-(2-phenyl- 
acetamido) lactarillanic acid. The product was identified by comparing an I.R. absorp- 
tion spectrum and a N.M.R. absorption spectrum and a melting point with an authentic 
sample synthesized by another method from 3-aminolactacillanic acid. 

15 Example 224. 15 

3-(2-Phenylacetanddo)-2-azetidmone (300 mg.) and benzyl 2-bromo-2-(4-benzyl~ 
oxyphenyl) acetate (604 mg.) were dissolved in anhydrous N,N-dimethylfonnamide 
(4 ml.) under warming. The solution was cooled in a cooling bath, to which was added 
all at once sodium hydride (50% oily) (71 mg.), and then the reaction mixture was 

20 stirred for a while. After removing the cooling bath, the reaction mixture was stirred for 20 
30 minutes, whereafter ethyl acetate was added thereto. The reaction mixture was 
filtered and men the filtrate was washed with water, 2% hydrochloric acid and water 
respectively, and then dried over anhydrous magnesium sulfate. Hie solution was con- 
centrated to give a oily residue (727 mg.), which was subjected to column chromato- 

25 graphy using silica : gel (15 g.). Elution was carried out with a mixture of benzene and 25 
chloroform to obtain an oily material (255 mg.). A part of this material (20 mg.) was 
dissolved in methanol (14 mL), and to the solution was added 10% palladium : carbon 
(60 mg.). The mixture was reacted in hydrogen atmosphere at ordinary temperature 
and ordinary arm. until the absorption of hydrogen gas was completed. The catalyst was 

30 filtered off from the reaction mixture, and the filtrate was concentrated under reduced - 30 
pressure. The residue obtained was crystallized from a mixture of ethyl acetate and 
ether to give 3-(2-phenylacetamido)lacraci'11anic acid. 
LR. absorption spectrum, 

v cm- 1 (Nujol) : 1745, 1690, 1650. 

35 The folowing compounds were obtained in substantially the similar manner as described 35 
above. 
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Example 291. 

3 - [2 -{4 - (3 - Amino - 3 - carboxypropoxy ) phenyl} - 2 - hydroxyiminoacet- 
amido]lactadllamc acid (1.0 g.) was dissolved in 1.5% sodium bicarbonate aqueous 
solution (20 ml), and to the solution was added sodium hydrogen sulfite (1.0 g.), and 
5 then the mixture was heated for 3 hrs. at 80° C. The reaction mixture was adjusted to 5 

pH 3 with 10% hydrochloric acid!, and the nurture was concentrated to a volume of 
about 10 rnl and the concentrate was adjusted to pH 3 with 10% hydrochloric acid 
again to give crystals of 3 - [4- ( 3 -amino-3-c arb oxypropoxy ) phcnylely oxylovlamino 1 - 
lactacillanic acid (0.57 g.). Mp 21 6°C (dec). 

10 Example 292. 10 

3 - [2 - {4 - (3 - Acetamido - 3 - carboxypropoxy) phenyl} - 2 - hydroxyirnino- 
acetamido] lactacillanic acid was treated in substantially the similar manner as described 
in Example 291 to give crystals of 3- [ 4- ( 3 -acetamido-3 -carboxypropoxy ) phenylgiyoxyl- 
oylamino] lactacillanic acid.Mp 96 to 102°C (dec). 

15 Example 293. 15 

3 - [2 -{4 - (3 - carboxy - 3 - phthalimidopropoxy)phenyl} - 2 - hydroxyimino- 
acetamido] lactacillanic acid (42 g.) was dissolved in methanol (40 ml.). A solution, 
prepared by dissolving sodium hydrogen sulfite (4.2 g.) in water (80 mL), was added 
to the solution, and the mixed solution was heated for 3 J hrs. under reflux. Subse- 

20 quently,. the reaction mixture was concentrated to a volume of about 30 ml, and the 20 

concentrate was adjusted to pH 2.0 with 10% hydrochloric acid under ice-cooling, and 
then the solution was extracted with ethyl acetate. The extract was washed with water 
and dried, and then the solvent was distilled off from the extract to give 3-[4-(3-carb- 
oxy-3-phthaliimdopropoxy)pbenylglyo^ acid (2.1 2.). Mp 115 

25 to 120°C (dec). r 25 

Example 294. 

3 - [2 - [4 - {3 - Carboxy - 3 - (3 - phenylureido)propoxy}phenyl] - 2 - hydroxy- 
munoacetamido] lactacillanic acid was treated in substantially the similar manner as 
described in Example 293 to give 3- [4-{3<aiboxy-3-(3-phenyIureido)propoxy}phenyl- 
30 gryoxyloylanuno]IactacUlanicacid.Mp 100 to 106°C (dec). 30 

Example 295. 

3 - [2 - {4 - (3 - Amino - 3 - carboxypropoxy) phenyl} - 2 - hydroxyiminoacet- 
anudo J lactacillanic acid (0.5 g.) was suspended in an aqueous solution (10 ml) of 
« anunonium acetate (1.93 g.), and 28% ammonia water (0.3 mL) and zinc powder 

(0.435 g.) were added to the solution, whereafter the mixture was stirred for 24 hrs. at 35 
ambient temperature. The reaction mixture was adjusted to pH 4 with IN-hydrochloric 
acid, and hydrogen sulfide gas was introduced into the solution, and then the insoluble 
material was filtered off. The filtrate was concentrated under reduced pressure to give a 
residue, and the residue was dissolved in water (10 mL), and then to the solution was 
added ethanol (200 ml.). The forming precipitate was collected by filtration, and dried 40 
*° 3-[2-{4-(3-aniino-3-carboxypropoxy)phenyl}glycinamidoJ lactacillanic acid 

(420 mg.). Mp 206 to 208°C (dec). 

Example 296. 

N,N-Dimethylformamide (0.5 ml.), formic acid (03 mL) and zinc powder (1.0 g) 
were added to a solution containing 3-[2-{4-(3-phthdimido-3-carboxypropoxy)- 45 
phenyl}-2-hydroxyiniinoacetamido]lactaciUanic acid (1.00 g.), methanol (8 ml.) and 
water (2 mL), and the mixture was stirred for 4 hrs. The zinc powder was filtered off 
from the reaction mixture, and hydrogen sulfide was introduced into the filtrate, and 
then the insoluble material was filtered off. The filtrate was concentrated under reduced 
pressure, to give a residue which was powdered with acetone to give 3-[2-{4-(3-phthal- 50 
imido-3-rarboxypropoxy)phenyl}glydnamido] lactacillanic acid (0.68 e.). Mo 215 to 
219°C (dec). © / f 

Example 297. 

10% Palladium : carbon (0.6 g.) was added to a solution containing 3-[2-{4-(3- 
acetamido - 3 - carboxypropoxy) phenyl} - 2 - hydroxyiminoacetamido] lactacillanic 
acid (1.85 g.), sodium bicarbonate (0.6 g.) and water (20 ml). The mixture was sub- 55 
jected to absorption of a calculated volume of hydrogen gas at ordinary temperature 
and ordinary arm. The catalyst was filtered off from the reaction mixture, and the fil- 
trate was adjusted to pH 3 with 10% hydrochloric acid under ice-cooling, and then 
treated with an activated carbon. The aqueous solution obtained was crystallized from 
acetone (150 mL) under ice-cooling. The crystals were collected by filtration, and 60 
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washed with water (10 mi) and acetone, respectively to give 3-[2-{4-(3-acetamido-3- 
carbo^ropo^)phenyl}glydiianiido]lactadllanic add (0.38 g.). Furthermore, the 
washing obtained above was crystallized from acetone (10 mL) under ice-cooling, and 
the crystals were washed with acetone, and then collected by filtration to recover a 
5 object compound (032 g.). Total yield was 0.70 g. Mp 198 to 204°C (dec). 5 

Example 298. 

10% Palladium : carbon (3 g.) was added to a solution of 3-[2-{4-(3-benzamido- 
3 -carboxypropoxy) phenyl} -2-hydroxyin^ acid (10.0 g.), 

sodium bicarbonate (2.79 g,) and water (70 mL), and the mixture was subjected to a 
0 catalytic reduction for 5 hrs. under shaking enough under 3 atm at ordinary tempera- 10 

ture. After the reaction, the catalyst was filtered off from the reaction mixture, and the 
filtrate was adjusted to pH 3.0 with 10% hydrochloric acid under ice-cooling to give 
crystals of 3-[2-{4-(3-benzarmdo-3-carboxyprop^ 

add (7.8 g.). Furthermore, a object compound (0.4 g.) was recovered from the mother 
5 liquor. Total yield was 8.2 g. Mp 171 to 176°C (dec). 15 

Example 299. 

3 - [4 - (3 - Carboxy - 3 - phtha!iimdopropoxy)phenylglyoxyloylaniino]IactacU- 
lanic add (1.10 g.) was suspended in water (11 ml.), and to the suspension was added 
sodium bicarbonate (0.40 g.) to dissolve it To the solution was added sodium boro- 
10 hydride (0.08 g.) under ice-cooling, and the mixture was stirred for 4 hrs. at the same 20 
temperature. The reaction mixture was adjusted to pH 2 with 10% hydrochloric add 
to give crystals of 3-[2-{4-(3^arboxy-3-phthalimidopropoxy)phenyl}-2-hydroxy acet- 
amido] lactacillanic add (0.91 g.). Mp 160 to 163 °C (dec). 

Example 300. 

'5 Acetic acid anhydride (20 ml.) was added to a suspension, prepared by suspending 25 

3 - [2 - {4 - (3 - amino - 3 - carboxypropoxy)phenyl} - 2 - hydroxyiminoacetamido] - 
lactacillanic add (10 g.) in methanol (150 ml.), and the mixture was stirred for 4.5 hrs. 
The reaction mixture was concentrated under reduced pressure to give a residue, to 
which was added toluene. The solution was concentrated under reduced pressure again 
30 . to give a residue which was powdered by adding ethyl acetate to give 3-[2-{4-(3-acet- 30 
amido - 3 - carboxypropoxy) phenyl) - 2 - hydroxyiminoacetamido] lactacillanic acid 
(10.3 g.). Mp 90 to 93°C (dec). 

Example 301. 

Acetic add anhydride (6 ml.) was added to a methanol suspension (60 mL) of 
35 3 - [4 - (3 - ammo - 3 - caitoxypropoxy)phenylglyoxyloylamino]lactadUanic acid 35 
(3.0 g.) under ice-cooling, and the mixture was stirred for 1 hour at the same tempera- 
ture, and further stirred for 4 hrs. at ambient temperature. The reaction mixture was 
concentrated under reduced pressure, and the concentrate was powdered with ether to 
give 3 - [4 - (3 - acetamido - 3 - carboxypropoxy )phenylglyoxyloylamino] lactacillanic 
40 arid(2.26g.).Mp96tol02°C(dec). 40 

Example 302. 

3 - [2 - {4 - (3 - Amino - 3 - carboxypropoxy ) phenyl) glycinamido]lactadllanic 
add was treated in substantially the similar manner as described in Example 301 to 
give 3 - [2 - (4 - (3 - acetamido - 3 - carboxypropoxy) phenyl) - N - acetylglycin- 
amido] lactacillanic add. 45 

I.R. absorption spectrum, 

van" 1 (Nujol): 1735,1650. 

Example 303. 

3 - [2 - {4 - (3 - Amino - 3 - carboxypropoxy)phenyI) - 2 - hydroxyiminoacet- 
50 amido] lactacillanic add (0.50 g.) was suspended in dried methylene chloride (20 ml.). 50 
To the suspension was added N,0-bis(trimethylsilyl)acetamide (1.50 g.) } and the 
mixture was stirred for 2 hrs. at ambient temperature, and then heated for 10 minutes 
under reflux. The reaction solution was cooled to 0 to 5°C, and triethylamine (0.12 g.) 
and 2>2 J 2-trifliioroacetic acid anhydride (0.27 g.) were added to the solution, and then 
the reaction solution was stirred for 1 hour. The methylene chloride was distilled off 55 
from the reaction mixture to give a residue which was dissolved in ethyl acetate 
(20 ml.). The solution was washed with 2% hydrochloric add five times, with water 
twice and with a sodium chloride-saturated-aqueous solution once, respectively, and 
then dried over anhydrous magnesium sulfate. The solvent was distilled off from the' 
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solution, and benzene was added to the residue to give powdery crystals of 3-[2-[4-{3- 
carboxy - 3 - (2,2,2 - trifiuoroacetamido)propoxy}phenyl] - 2 - hydroxyiininoacet- 
amido]lactacillanic acid (0.41 g.). Mp 143 to 147°C (dec.). 

Example 304. 

5 N,0-Bis(trimethylsUyl)acetainide (15 ml.) was added to a suspension, prepared 5 

by suspending 3 - [4 - (3 - amino - 3 - carboxypiopc^)phenyl^yo3^1oylamino]- 
lactacillanic acid (4.0 g.) in dried methylene chloride (80 ml), and the mixture was 
stirred for 2 hrs. to dissolve the starting material completely. To the solution was added 
rriethylamine (0.88 g.) under ice-cooling, and then a solution, prepared by dissolving 

10 2^2-trmuoroacetic acid anhydride (IS g.) in methylene chloride (5 mL), was added 10 
dropwise to the solution during 30 minutes. The reaction mixture was stirred for 1.5 hrs. 
at the same temperature, and then the methylene chloride was distilled off from the 
reaction mixture under reduced pressure, whereafter the residue was poured into a mix- 
ture of ice-water (50 ml) and ethyl acetate (100 ml.). The ethyl acetate layer separ- 

15 ated out was dried over anhydrous magnesium sulfate, and then the solvent was distilled 15 

off to give a residue to which was added benzene to give powdery crystals of 3-[4-{3- 
carboxy - 3 - (2,2,2 - trifluoroacetarnido)propoxy}phenylglyoxyloylammo]lactac^ 
add (3.0 g.). 

I.R. absorption spectrum, 

20 v cm" 1 (Nujol) : 1730, 1680. 20 

Example 305. 

3 - [2 - {4 - (3 - Amino - 3 - carboxypropoxy) phenyl} - 2 - hydroxy iminoacet- 
amido]lactaciUanic acid (20.0 g.) was suspended in a mixture of water (200 mL) and 
acetone (200 ml.}, followed by adding sodium bicarbonate (6.8 g.) to dissolve it 

25 Benzoyl chloride (6.7 g.) was added dropwise to the solution under ice cooling, keeping 25 
the solution in pH 8.0. The reaction mixture was stirred for 4 hrs. and the acetone was 
distilled off from the reaction mixture. The remaining aqueous solution was washed with 
ethyl acetate, and ethyl acetate (400 ml) was added to the solution. The mixture was 
adjusted to pH 2.0 with 10% hydrochloric acid under cooling and then the ethyl acetate 

30 layer was separated out, and washed with water and with a sodium chloride-saturated- 30 
aqueous solution, respectively, and dried. The ethyl acetate was distilled off from the 
solution to give a residue, followed by suspending in water (200 ml). lN-Sodium 
hydroxide aqueous solution (160 mL) was added to the suspension, and the solution 
was stirred for 2 hrs. Ethyl acetate (400 mL) was added to the solution, and the mix- 

35 tore was adjusted to pH 2.0 with 10% hydrochloric acid under ice-cooling. The ethyl 35 

acetate layer separated out was washed with water and dried. The solvent was distilled 
off from the solution to give the powder (21.6 g.) which was crystallized from a mix- 
ture of acetone and benzene to give crystals of 3 -[2- {4- (3 -beri2^inido-3 -carboxypro- 
poxy) phenyl} -2-Jjydroxyiminoacetamido] Iactatillanic acid (10.4 g.). Mp 170 to 172°C 

40 (dec). 40 

Example 306. 

3 _ [4 _ (3 _ Amino - 3 - carboxypropoxy) phenylglyoxyloylamino]lactacillanic acid 
(970 mg.) was suspended in water (10 ml), and the suspension was adjusted to pH 8 
to 9 with lN-sodium hydroxide aqueous solution under ice-cooling. An acetone solution 

45 (10 mL) of phenyl isocyanate (360 mg.) was added dropwise to the solution, keeping 45 

the solution at pH 8 to 9 during adding dropwise. The solution was stirred for an hour, 
and the diphenylurea produced as a by-product was filtered off from the solution. The 
filtrate was adjusted to pH 1 to 2 with 10% hydrochloric acid and then extracted with 
ethyl acetate. The extract was washed with a sodium chloride-saturated-aqueous solu- 

50 tion, and dried over anhydrous magnesium sulfate, whereafter the solvent was distilled 50 
off from the solution to give crystals of 3-[4-{3-carboxy-3-(3-phenylureido)propoxy}- 
phenylglyoxylcylammojlacmcillanic acid (1.33 g.). Mp 100 to 106°C (dec). 

Example 307. 

3 - [2 - {4 - (3 - Amino - 3 - carboxypropoxy)phenyl}glycmamido]kctacillanic 
55 add (250 mg.) was suspended in water (5 ml.), and the suspension was adjusted to pH 55 
8 with lN-sodium hydroxide aqueous solution to dissolve it under ice-cooling. A dried 
acetone solution (2 ml) of phenyl isocyanate (150 mg.) was added to the solution 
under cooling, keeping the solution in pH 8 to 9 -during the addition. The solution was 
stirred for an hour under ice-cooling, and then' adjusted to pH 2 with 10% hydro - 
60 chloric add to give a predpitate. The predpitate was collected by filtration and washed 60 
with water, and then dissolved in a sodium bicarbonate aqueous solution. An insoluble 
materials were filtered off, and the filtrate was adjusted to pH 1 to 2 with 10% hydro- 
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chloric acid to give crystals which were collected by filtration, washed with water and 
then dried on phosphorus pentachloride to give crystals of 3-[2-[4-{3-carboxy-3-(3- 
phenylureido)propoxy}phenyl] - 2 - (3 - phenylureido)acetarnido]h(^dllanic acid 
(0.35 g.).Mp 170 to 172°C (dec.). 

5 Example 308, 5 

A suspension of 3-[2-{4-(3-amino-3-cmboxypropoxy)phenyl}-2-hydroxyimino- 
acetamidojkctacfflanic acid (10 g.), water (100 ml.) and acetone (30 ml.) was 
adjusted to pH 8 to 9 with lN-sodiuin hydroxide aqueous solution under ice-cooliug. 
To the solution was added dropwise an acetone solution (5 ml.) of phenyl isocyanate 

10 (2.9 g.) at the same temperature, and the mixture was stirred for an hour. The acetone 10 

was distilled off from the reaction mixture under reduced pressure, and the remaining 
solution was adjusted to pH 2 with 10% hydrochloric acid, and extracted with ethyl 
acetate. The extract was washed with diluted hydrochloric acid and water, respectively, 
and dried. The ethyl acetate was distilled off from the solution to give a residue which 

15 was crystallized from ether (100 ml.) to give crystals of 3-[2-[4-{3-carboxy-3-(3- 15 
phenylureido)propoxy}phenyl]-2-hydroxyta acid (10.3 g.). 

Mp 135 to 139°C (dec). 

Example 309. 

An acetone solution (5 ml.) containing ethyl phthalimidoformate (0.6*0 g,) was 
20 added dropwise to a solution containing 3- [2-{4-(3-amino-3-carboxypropoxy)pfaenyl}- 20 
2-hydroxyimmoacetamido]lacaacillanic add (0.94 g.), 10% a dipotassium hydrogen- 
phosphate aqueous solution (20 ml.) and acetone (10 ml.), and the mixture was stirred 
for 2 hrs., keeping the mixture in pH 8. The acetone was distilled off from the reaction 
mixture under reduced pressure, and the remaining solution was adjusted to pH 2 with 
25 diluted hydrochloric add, and then extracted with ethyl acetate. The extract was washed 25 

with water and dried over anhydrous magnesium sulfate. The ethyl acetate was distilled 
off from the solution to give residue, which was crystallized from an ethanol aqueous 
solution to. give crystals of. 3-[2-{4-(3n;arboxy-3-phmalimidopropoxy)phenyl}-2- 
hydroxyinimoacetamidojlactacillanic add (0.69 g.). Mp 160 to 165°C (dec.). 

Example 310. 30 
3 - [2 - {4 - (3 - Amino - 3 - carboxypropoxy)phenyl}grycolamido] lactadllanic 
acid was treated in substantially the similar manner as described in Example 309 to 
give crystals of 3- [2- {4-(3^arboxy-3-phthaliniidopropoxy)phenyl}glycolamido] lacta- 
dllanic add. Mp 160 to 163 Q C (dec). 

Example 311. 35 
3-[4-(3-Arruno-3-carboxypropoxy)phenylglyoxyloylanimo]lactaciU add was 
treated in substantially the similar manner as described in Example 309 to give crystals 
of 3-[4-(3-carboxy-3-phmaKmidopropoxy)phenylglyoxy^ add. 
Mp 216°C (dec). 

Example 312. 40 
Phenyl isothiocyanate (320 mg.) was added to a 50% pyridine aqueous solution 
(6 ml) of 3-[2-{4-(3-aiiuno-3-carboxypropoxy)pheny add 
(250 mg.) at 40°C under stirring. The mixture was stirred for an hour, keeping the 
mixture in pH 8 to 9 with a sodium bicarbonate-saturated-aqueous solution. The reac- 
tion mixture was washed with ether, and the aqueous layer was separated out, and then 45 
adjusted to pH 1 to 2 with 10% hydrochloric add under cooling to give crystals of 
3 - [2 - [4 - {3 - carboxy - 3 - (3 - phenylthiourddo)propoxy}phenyl] - 2 - (3- 
phenylthioureido)acetamido] lactadllanic acid (250 mg.). Mp 190 to 195°C (dec). 

Example 313. 

•j 3 /*T t 2 - {4 - (3 - Amino - 3 - carboxypropoxy)phenyl)glydnamido] lactadllanic 50 
acid (2.0 g.) was suspended in a 50% pyridine aqueous solution (20 ml.), and the 
suspension was adjusted to pH 8.6 with lN-sodium hydroxide aqueous solution to dis- 
solve it. To the solution was added 1-naphthyl isothiocyanate (1.94 g.) s and the mixture 
was stirred for 4 hrs. The reaction mixture was washed with ether and adjusted to pH 
2.0 with 10% hydrochloric add under cooling to give a predpitate. The precipitate was 55 
collected by filtration and washed with water. The Predpitate was dissolved in a sodium 
bicarbonate-saturated-aqueous solution, and 10% hydrochloric acid was added to the 
solution to give crystals of 3 - [2 - [4 - [3 - carboxy - 3 - {3 - (1 - naphthyl)thio- 
ureido}propoxy] phenyl] - 2 - {3 - (1 - naphthyl)thiourddo}acetamidollactaciUanic 
acid(2.7g.).MpI69tol73°C(dec). * 60 



114 1,519,495 114 

Example 314. 

3 - [2 - {4 - (3 - Amino - 3 - carboxypropoxy)phenyl}glycinamido] lactacillanic 
acid (480 mg.) was suspended in water (10 ml), and to the suspension was added 1N- 
potassium hydroxide aqueous solution (5 mL) under ice-cooling, while stirring. An 

5 acetone (5 mL) solution of O-ethyl-S-methyl dithiocarbonate (0.72 g.) was added to 5 

the solution, and then the mixture was stirred for 5 hrs. at ambient temperature. The 
reaction mixture was washed with ether, and the remaining aqueous layer was separated 
out The aqueous solution was adjusted to pH 1 to 2 with 10% hydrochloric acid and 
extracted with ethyl acetate, and then the extract was washed with water and dried. The 

10 solvent was distilled off from the solution to give 3 - [2 - [4 - {3 - carboxy - 3- 10 

cthoxy ( thiccarbonyl ) aminopropoxy } phenyl] - 2 - emoxy(thiocarbonyl)aminoacet- 
amido] lactacillanic add (230 mg.). Mp 112 to 119°C (dec). 

Example 315. 

3 - [2 -{ 4 - (3 - Amino - 3 - carboxypropoxy)phenyl} - 2 - hydroxyiminoacet- 

15 amido] lactacillanic acid (1.0 g.) was dissolved in a mixture of O.lN-sodium hydroxide 15 

aqueous solution (40 mi) and acetone (15 mL). To the solution were added dropwise 
an acetone (5 ml.) solution containing 2-(4-chloro-2-nitrophenoxy)acetyl chloride 
(550 mg.) and 0.1 N-sodium hydroxide aqueous solution (40 mL) at the same time 
under ice-cooling, while stirring. The mixture (pH 9.2 to 9.4) was stirred for 40 

20 minutes at the same temperature, and further stirred for 40 minutes at ambient tern- 20 

perature. The reaction mixture was washed with ethyl acetate, and then ethyl acetate 
was added to the aqueous layer, whereafter the mixture was adjusted to pH 2 with 10% 
hydrochloric acid. The ethyl acetate layer was separated out, washed with water and 
dried over anhydrous magnesium sulfate. The solvent was distilled off from the solution 

25 to give a residue which was washed with ether several times. The residue was dissolved 25 

in ethyl acetate under wanning, and an insoluble material was filtered off and then to 
the solution was added chloroform to give a powder which was collected by filtration to 
give 3 - [2 - [4 - [3 - {2 - (4 - chloro - 2 - nitrophenoxy)acetamido} - 3 - carboxy- 
propoxy] phenyl] - 2 - hydroxyiminoacetamido] lactacillanic add (150 mg.). Further- 

30 more, an object compound (30 mg.) was obtained from the mother liquor. Total yield 30 
was 180 mg. Mp 145 to 150°C (dec.). 

Example 316. 

An acetone (4 ml.) solution containing 2-(2-thienyl)acetyl chloride (352 mg.) was 
added dropwise to a solution containing 3 - [2 - (4 - (3 - amino - 3 - carboxy- 

35 propoxy) phenyl} - 2 - hydroxyiminoacetamido] lactacillanic add (1.0 g.), sodium 35 

bicarbonate (504 mg.), water (30 mL) and acetone (10 mL) under ice-cooling, while 
stirring, keeping the solution in pH 8. The mixture was stirred for 40 minutes at the 
same temperature, and further stirred for 30 minutes ambient temperature. The reac- 
tion mixture was washed with ethyl acetate, and then ethyl acetate was added to the 

40 solution, whereafter the rnixture was adjusted to pH 2 with 10% hydrochloric add. The 40 

ethyl acetate layer was separated our, and the remaining aqueous layer was extracted 
with ethyl acetate. These ethyl acetate layers were combined and washed with a sodium 
chloride-sarurated-aqueous solution, and then dried over anhydrous magnesium sulfate. 
The solvent was distilled off from the solution, and the residue (740 mg.) obtained was 

45 added to 0.1 N-sodium hydroxide aqueous solution (30 ml.). The solution (pH 9.4) 45 

was stirred for an hour at ambient temperature, and washed with ethyl acetate, and to 
the solution was added ethyl acetate. The mixture was adjusted to pH 2 by adding 10% 
hydrochloric add and then treated in the similar manner as described above to give a 
residue (450 mg.). The residue was dissolved in a mixture of acetone and n-hexane, and 

50 the solution was treated with activated carbon, followed by filtration. The filtrate was 50 

concentrated to give a residue which was washed with ether several times and with 
n-hexane once to give 3 - [2 - [4 - [3 - carboxy - 3 - {2 - (2 - thienyl)acetamido}- 
propoxy] phenyl] - 2 - hydroxyiminoacetamido] lactacillanic add (400 mg.), mp 145 
to 150°C (dec.). 

55 Example 317. 55 

An acetone (25 mL) solution containing <r^thoxycarbonyloxycarbonyl-tt-toluene- 
sulfonic acid ixiemylamine salt (3.1 g.) and an aqueous solution (10 ml.) of sodium 
bicarbonate (756 mg.) were added dropwise to a solution containing 3-[2-{4-(3-amino- 
3-caiboxypropoxy)phenyI}-2-hydroxyiminoacetamido]lactacillanic add (2.0 g.), 

60 sodium bicarbonate f 75 6 mg.), water (35 ml.) and acetone (15 ml.) during 15 minutes 60 

under ice-cooling. The reaction mixture (pH 7.6) was stirred for 30 minutes at the 
same temperature, and further stirred for 30 minutes at ambient temperature. The 
acetone was distilled off from the reaction mixture, and the remaining solution was 
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adjusted to pH 3 with 10% hydrochloric add, whereafter the solution was washed with 
ethyl acetate. The ethyl acetate layer was separated out, and the remaining aqueous 
solution was adjusted to pH 1 with 10% hydrochloric acid, and extracted with n-butyl 
alcohol. The extract obtained was washed with 5% hydrochloric acid once and with a 
5 sodium chloride-saturated-aqueous solution once, respectively, and dried over anhydrous 5 

magnesium sulfate. The extract was adjusted to pH 6 with an acetone (21 ml.) solution 
containing sodium 2-ethylhexanate (11 mg.) to give a powder which was collected by 
filtration. The powder was washed with acetone to give the colorless powder (2.3 g.). 
A part of the powder (1.0 g.) was dissolved in water (3 ml.), and the solution was 

10 adjusted to pH 3 with 10% hydrochloric acid, and then washed with ethyl acetate, 10 

whereafter the solution was subjected to column chromatography using a nonionic 
adsorption resin, Amberlite XAD — 2 (trade mark, maker; Rohm and Haas Co. Ltd,), 
and the compound eluted with water was lyophillized to give 3-[2-[4-{3-carboxy-3-(2- 
phenyl-2-sulfoacetamido )propoxy}phenyl] -2-hydroxyiminoacetamido] iactacillanic acid 

IS sodium salt (350 mg,). Furthermore, an object compound (480 mg.) was recovered 15 

from the fractions, eluted with water containing methanol (20%) and methanol. Total 
yield was 830 mg. Mp244 to 250°C (dec). 

Example 318. 

Potassium carbonate (0.127 g.) and water (3 ml.) were added to an acetone solu- 
20 tion (3 ml.) containing N-methylaniline (OJOO g.), and the solution was stirred at 25 20 

to 28 °C. To the solution was added dropwise a mixture (4 ml.) of acetone and water 
(1:1) containing 3-(2-bromoacetamido)laaaciIlanic acid (0.321 g.) and sodium bicar- 
bonate (0.067 g.), and the reaction mixture was reacted for 17 hrs. at the same tempera- 
ture. The acetone was distilled of! from the reaction mixture under reduced pressure, 
25 and the remaining aqueous layer was washed with ethyl acetate. The aqueous layer was 25 

adjusted to pH 3 with diluted hydrochloric acid, and then extracted with ethyl acetate. 
The extract was washed with water, dried and then concentrated. The residue obtained 
was crystallized from methanol to give crystals of 3-(N-methyl-N-phenylglydnamido)- 
lactacillanic acid (0.208 g.). Mp 198 to 199°C (dec). 
30 The following compounds were obtained in substantially the similar manner as 30 

described above. 
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Example 323. 

Morpholine (0262 g.) was dissolved in a mixture (5 ml) of acetone and water 
(1:1), and to the solution was added potassium carbonate (0.180 g.). The solution was 
cooled to 10°C, and to the solution was added dropwise a mixture (5 mL) of acetone 
5 and water (1:1) containing 3-(2-bromoacetamido)lactacillanic acid (0.464 g.) and 5 

sodium bicarbonate (0.110 g.). The reaction mixture was reacted for 5 hrs., keeping the 
reaction temperature at 10 to 20 °C. The acetone was distilled off from the reaction 
mixture under reduced pressure, and the remaining aqueous solution was washed with 
ethyl acetate. The aqueous solution was adjusted to pH 1 to 2 with diluted hydrochloric 

10 acid and washed with ethyl acetate. The aqueous solution was adjusted to pH 4.5 to 10 

4.8 with sodium bicarbonate, and the solution was concentrated under reduced pressure, 
and then the residue was extracted with methanol. The extract was concentrated to 
give an oily material which was dissolved in a small amount of methanol. Acetone was 
added to the solution, which was filtered. The filtrate was concentrated to give an oily 

15 material (0.38 g.) which was subjected to column chromatography using a nonionic 15 

adsorption resin, Amberlite XAD— 2 (trade mark, maker; Rohm and Haas Co., Ltd.) 
(35 ml.). Isolation and purification were carried out. Fractions eluted with water were 
collected and the water was distilled off from the eluate to give crystals of 3-(2-mor- 
pholmoacetamido)lactadllanic acid (038 g.). Mp 201 to 203° C (dec.). 

20 Example 324. 20 

A mixture containing 3-[2-(2-brcraioacetamido)-2-phenylacetamido]Iactacillanic 
acid (196 mg.) 2-mercaptobenzoic acid (62 nig.) and O.lN-sodium hydroxide aqueous 
solution (12 mL) was stirred for an hour at ambient temperature. The reaction mixture 
(pH 6.8 to 7.8) was adjusted to pH 3 with lN-hydrochloric acid (0.4 mi) and washed 

25 with ether and then further adjusted to pH 1 to 2 with lN-hydrochloric acid. The solu- 25 

tion was extracted with ethyl acetate and the extract was washed with water and dried 
over anhydrous magnesium sulfate. The solution was concentrated to a volume of about 
4 ml. under reduced pressure to give crystals which were washed with ether to give 
crystals of 3-[2-^-(2-caifcoxyphenylthio)aa:tamido}-2-pheny 

30 add (125 mg.). Furthermore, an object compound (50 mg.) was recovered from the 30 

filtrate. Total yield was 175 mg. Mp 143 to 146 ff C (dec). 

The following compounds were obtained in substantially the similar manner as 
described above. 
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Example 341. 

3-(2-Bromo-2-phenylacetamido)lactacillamc acid (150 mg.) and 2-aminoethane- 
thiol (35 rag.) were treated in substantially the similar manner as described in Example 
340 to give crystals of 3- [2- (2-aminoethylthio) -2-phenylacetamido] lactacillanic acid 
5 sodium sah (54 mg.).Mp 171 to 173°C (dec.). 5 

Example 342. 

A mixture of 3-(2^romoacetamido)lactacillanic acid (107 mg.)j water (3 mi) 
and lN-potassium hydroxide aqueous solution (0.6 ml) was added dropwise to a solu- 
tion containing cysteine hydrochloride (38 mg.), water (3 ml) and lN-potassium 

10 hydroxide aqueous solution (0.9 ml) under ice-cooling while stirring, and then the 10 

solution was reacted for an hour at the same temperature. The reaction mixture was 
adjusted to about pH 4 with lN-hydrochloric acid (0.9 ml), and concentrated under 
reduced pressure to give a residue which was dissolved in methanol The solution was 
subjected to column chromatography using a nonionic adsorption resin, Amberlite 

15 XAD— 2 (trade mark, maker; Rohm and Haas Co., Ltd.). Fractions eluted with water 15 
were collected, and evaporated to give crystals of 3-[2-(2-amino-2-carboxyethyltlrio)- 
acetamido] lactacillanic acid (95 mg.). Mp 105 to 110°C (dec.). 

The following compounds were obtained in substantially the similar manner as 
described above. 
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Example 348. 

Sodium pyridine-l-oxide-2-thiolatc (60 mg.) was added to a mixture of 3-[2-(2- 
bromoacetamido)-2-phenyUcetamido]IactadlIanic acid (200 mg.) and O.lN-sodium 
hydroxide aqueous solution (4 ml.) under ice-cooling, and the mixture was stirred for 

5 30 minutes. Ethyl acetate was added to the reaction mixture, and the solution was 5 

adjusted to pH 1 to 2 with 10% hydrochloric acid to give a precipitate which was col- 
lected by decantation. The precipitate was dried and washed with acetone to give 
3 - [2 - {2 - (pyridyl - 1 - oxide - 2 - thio)acetamido} - 2 - phenylacetamido] iacta- 
cillanic acid (82 nig.). Furthermore, the acetone washing was concentrated to give a 

10 residue which was washed with diisopropyl ether to recover an object compound 10 
(33 mg.). Total yield was 115 mg. Mp 160 to 164°C (dec.). 

Example 349. 

3-(2-Bromoacetanudo)lactadlIanic acid (285 mg.) and sodium pyridine-l-oxide- 
2-thiolate (120 mg.) were treated in substantially the similar manner as described in 
15 Example 348 to give 3-[2-(pyridyl-l^xide-2-tluo)acetaniido]hctBcillanic acid 15 
(250 mg.). Mp 221 to 225°C (dec.). 

Example 350. 

8-Mercapto-9H-purine (76 mg.) was added to a mixture of 3-[2-phenyl-2-(2- 
phenylsulfoacetamido)acetamido]lactacillanic acid (285 mg.) and O.lN-sodium 

20 hydroxide aqueous solution (10 ml.) under ice-cooling. After the reaction temperature 20 
was elevated to ambient temperature, the reaction mixture was stirred for 3 hrs. To the. 
reaction mixture was added lN-hydrochloric acid (0.5 ml) to give a precipitate which 
was collected by filtration. The precipitate was washed with water and dried to give 
3 - [2 - phenyl - 2 - {2 - (9H - purin - 8 - yl - tmo)acetaniido}ac«tamido]lactacillanic 

25 acid(120mg.)Mpl92tol97°C(dec). 25 

Example 351. 

Sodium hydride (50% oily) (9.6 mg.) and phenol (19 mg.) were added to 
anhydrous N,N-dimethylfonnamide (2 ml.), and the mixture was stirred for 30 
minutes, and then ice-cooled- To the solution was added all at once 3-[2-phenyl-2-(2- 

30 bromo acetamido ) acetamido ] lactacillanic acid (50 mg.), and the reaction mixture was 30 

stirred for an hour at the same temperature and further stirred for an hour at ambient 
temperature. Ether (10 ml.) was added to the reaction mixture to give a precipitate 
which was collected by filtration. The precipitate was dissolved in a small amount of 
water, and the solution was adjusted to pH 1 with 10% hydrochloric acid, and then 

35 extracted with ethyl acetate; The extract was washed with water and dried over "35 

anhydrous magnesium sulfate, and then the solvent was distilled oil from the solution. 
The residue was powdered with ether, and collected by filtration and washed with 
ether sufficiently to give 3- [2-phenyl-2- (2-phenoxyacetamido) acetamido] lactacillanic 
add(10mg.). 

40 LR. absorption spectrum, 40 

von- 1 (Nujol): 1740, 1720, 1650. 
The following compounds were obtained in substantially the similar manner as 
described above. 
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Example 3S6. 

1 - (a - Carboxy - 3,5 ~ dibromo - 4 - hydroxybenzyl) - 3 - [2 - [4 - {3 - carboxy- 
3 - (2^ - trifluoroacetamido)propoxy}phenyl] - 2 - hydroxynrimoacetamido] - 2- 
azetidinone (0.50 g.) was suspended in water (3 ml.), and lN-sodium hydroxide 
5 aqueous solution (3 ml) was added to said suspension, and then the solution was stirred 
for 30 minutes. The reaction mixture was adjusted to pH 3 with 10% hydrochloric 
acid under ice-cooling. The precipitated crystals were collected by filtration, and the 
crystals were dissolved in a small amount of a sodium bicarbonate aqueous solution, and 
then the solution was treated with activated carbon. After the treatment^ the solution 

10 was adjusted to pH 4 with 10% hydrochloric acid under ice-cooling, and the precipitate 
was collected by fikration to give 1 - (« - carboxy - 3,5 - dibromo - 4 - hydroxy- 
benzyl) - 3 - [2 - {4 - (3 - amino - 3 - carboxypropoxy ) phenyl} - 2 - hydroxyimino- 
acetamido] - 2 - azetidmone (40 nig.). Furthermore, the same compound (60 mg.) 
was recovered from the mother liquor. Total yield was* 100 mg. Mp 190 to 194°C 

15 (dec.). 

Example 387. 

10% Palladium : carbon (25 mg.) was added to a methanol solution (15 mL) of 
3- f2-(4-benzyloxycarbonyloxyphenyl)acetamido] lactacillanic acid (230 mg.), and a 
theoretical volume of hydrogen gas was added to said mixture in 2 hrs. at ordinary tem- 
20 perature and ordinary atmosphere. The reaction mixture was subjected to filtration and 
the filtrate was concentrated under reduced pressure, and then the residue was crystal- 
lized from a mixture of acetone and ethyl acetate. The crystals were collected by filtra- 
tion and washed with ethyl acetate to give 3-[2-(4-hyaroxyphenyl)acetamido]lactacil- 
lanic acid (90 mg.). Mp 171 to 176°C (dec). 

25 Example 388. 

A solution consisting of 3^2-ethoxycarbonyl-2-phenylacetamid^ acid 
(213 mg.), ethanol (5 mL) and lN-sodium hydroxide aqueous solution (1.4 ml.) was 
subjected to reaction at ambient temperature for 1.25 hrs. After the reaction, the reac- 
tion rnixture was cooled and adjusted to pH 1 by adding lN-hydrochloric acid (1.4 

30 ml.). Then, the mixture was adjusted to pH 6 to 7 by adding lN-sodium hydroxide 
aqueous solution, and concentrated. The residue was dissolved in water, and the solution 
was adjusted to pH 1 to 2 with lN-hydrochloric acid, and then washed with ethyl 
acetate. The remaining aqueous layer was adjusted to pH 6 with lN-sodhun hydroxide 
aqueous solution, and concentrated. For the purpose of isolation and purification, the 

35 residue was subjected to column chromatography using a nonionic adsorption resin, 
Amberiite XAD — 2 (trade mark, maker; Rohm and Haas Co. Ltd.) (30 mL) which 
was washed in advance with methanol and water. The fractions ehted with water were 
collected, and the water was distilled off from the eluare to give 3-(2-carboxy-2-phenyl- 
acetamido)lactaciUanic acid, disodium salt of the carboxy group (159 mg.). Mp 209 to 

40 214°C (dec.). 

The following compounds were prepared in substantially the similar manner as 
described above. 
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Example 410. 

1 - (a - Methoxycarbonyl - 4 - methoxybenzyl) - 3 - [2 - [4 - {3 - methoxy- 
carbonyl - 3 - (2,2,2 - trifluoroacetamido)propoxy}phenyl] - 2 - methoxyiminoacct- 
amido] - 2 - azetidinone (0.19 g.) was dissolved in acetone (2 ml). lN-Sodium 
5 hydroxide aqueous solution (0.9 mL) was added to the solution at ambient temperature, 5 

and the mixture was stirred for 5 minutes. The acetone was distilled off from the reac- 
tion mixture, and the remaining solution was adjusted to y>H 3 with 10% hydrochloric 
add. The separated oily material was isolated by decantation, washed with acetone and 
water, and then pulverized with acetonitrile to give 1 - (<r - carboxy - 4 - methoxy- 
10 benzyl) - 3 - [2 - {4 - (3 - amino - 3 - carboxypropoxy) phenyl} - 2 - methoxyimino- 10 

acetamido] - 2 - azetidinone (0,02 g.). Mp 170 to 176 a C (dec). 

Example 411. 

3 - [2 - [4 - {4 - Chloro - N - (2,2,2 - trichloroethoxycarbonyl) anilinomethyl} - 
phenoxy] - 2 - methyl - propionamido]lactacillanic acid (320 mg.) was treated m 
15 substantially the similar manner as described in Example 365 to give 3 - [2 - {4 - (4- 15 

chloroanflinomethyl>phenoxy} -2 - metbylpropionamido] kctacillanic acid (110 mg.). 
Mpl30tol36°C (dec.). 

Example 412. 

Sodium methylate (15 mg.) and absolute methanol (20 mL) were added to 
20 l-memoxalyi-3-(2-phenoxyacetaniidcO-2-azetidinone (1.1 g.), and the mixture was 20 

heated under reflux for 30 minutes. The solvent was distilled off from the reaction mix- 
ture under reduced pressure, and the residue was dissolved in acetone, and then the 
insoluble material was filtered off. The filtrate was concentrated and allowed to stand 
cool, and then the precipitated crystals were collected by filtration. The crystals were 
25 washed with acetone and dried to give 3-(2-phenoxyacetanu^)-2-azetidinone 25 
(456 mg.)- Furthermore, the same compound (109 mg.) was recovered from the mother 
liquor. Total yield was 565 mg. Mp 153 to 155°C 

Example 413. 

l-MethoxalyI-3-benzyloxycarbonyIainincK2-azetidinone (240 mg.) was dissolved 
30 in methanol (10 ml.), and sodium methylate (6 mg.) was added to said solution, and 30 

then the mixture was heated under reflux for 45 minutes. The methanol was distilled 
off from the reaction mixture, and the residue was washed with ether to give crude 3- 
benzyloxycajbonylammo-2-aKtidinone (126 mg.). Furthermore, this product was re- 
crystallized from acetone to give the purified compound (50 mg.). And, the purified 
35 same compound (54 mg.) was recovered from the mother liquor. Total yield was 35 

104mg.Mpl64tol65°C. 

Example 414. 

l-(l-Acetoxy-2-memylpropyl)-3-(2-phenylacetann^o)-2-azetidinone (13.8 g.) 
was dissolved in a solution of methanol (100 mL) and water (100 mL). Potassium 
40 carbonate (6 g.) and sodium borobydride (1.65 g.) were added to said solution under 40 
ice-cooling, and the mixture was subjected to reaction at 20°C for an hour. The pre- 
cipitated crystals were collected by filtration, washed with water and dried to £ve 
3-(2-phenyIacetanndo)-2-azetidinone (5.15 g.). Furthermore, the same compound 
(1,35 g.) was recovered from the filtrate. Total yield was 6.5 g. Mp 191 to 193°C 

45 Example 415. 45 

1 - [1 - (2>2,2 - Trichloroethoxycarbonylamino) - 2 - methylpropyl] - 3 - (2- 
phenylacetamido) - 2 - azetidinone (1.13 g.) was dissolved in a 90% acetic add aqueous 
solution (20 mL), and the solution was cooled to 5°C. Zinc powder (1.62 g.) was 
added dropwise to said solution in 5 minutes, and the mixture was stirred for 30 minutes. 

50 Furthermore, zinc powder (1.62 g.) was added to said mixture, and the mixture was 50 
stirred for 2 days. The reaction mixture was neutralized with a sodium bicarbonate 
aqueous solution, and extracted with methylene chloride. The extract was washed with 
water and dried over anhydrous magnesium sulfate, and then the solvent was distilled 
off from the solution. The residue (0.65 g.) was subjected to 'preparative thin layer 

55 chromatography using silica : gel [developing solvent: a mixed solvent of ethyl acetate, 55 

ethyl methyl ketone, water and formic add (volume ratio 5:3:1:1)], isolated and puri- 
fied to give 3-(2-phenylacetamido)-2-azetidinone (0.3 g.). Mp 190 to 192°C. 

Example 416. 

1 - (a - Methoxycarbonyl - 4 - hydroxybenzyl) - 3 - [2 - (2 - thienyl) acetamido]-" 
60 2 - azetidinone (0.18 g.) was dissolved in a solution consisting of sodium borate buffer . 60 
(pH 7.8) (3 ml.), methanol (5 ml.) and acetone (3 ml.), and the solution was cooled 
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to - 5°C. A methanol (0.5 ml.) solution containing tert-butyl hypochlorite (0.10 g.) was 
added to said solution three times every 15 minutes, and the mixture was stirred for 
30 minutes. The solvent was distilled off from the reaction mixture, and the remain- 
ing solution was adjusted to pH 2 with 10% hydrochloric add, and then extracted with 
5 ethyl acetate. The extract was separated out, washed with water and a sodium chloride- 5 

saturated-aqueous solution, and dried over anhydrous magnesium sulfate. The solvent 
was distilled off from the. ethyl acetate solution, and the residue (022 g.) was sub- 
jected to column chromatography using silica : gel (10 g.). The fractions eluted with 
chloroform were collected, and the chloroform was distilled off from the eluate to give 
10 1 - (« - methoxycarbonyl - 3,5 - dichloro - 4 - hydroxybenzyl) - 3 - [2 - (2 - thienyl)- 10 

acetamido] - 2 - azetidinone (50 mg.). 
I JR. absorption spectrum, 

v cm- 1 (liquid film) : 3270, 1760, 1755, 1665. 

Example 417. 

15 Chloroform (1.5 ml.) was added to a solution of l-(c-methoxycarbonyl-4-hydroxy- 15 

benzyl) -3-(2-phenylacetamido) -2-azetidinone (184 mg.) dissolved in dioxane (2 mL), 
and a chloroform (0.5 mL) solution containing bromine (184 mg.) was added dropwise 
to said mixture in 5 minutes under ice-cooling. After addition of ethyl acetate (80 ml.) 
to said reaction mixture, the ethyl acetate layer was separated out, washed with water 

20 and dried over anhydrous magnesium sulfate. This solution was concentrated, and the 20 

residue was dissolved in a small amount of acetone. The solution was subjected to pre- 
parative thin layer chromatography using silica : gel [developing solvent; a mixture of 
chloroform and methanol (5:0.3)] for isolation and purification. The product thus 
obtained was recrystallized from a mixture of ethyl acetate and acetone to give 1 - («- 

25 methoxycarbonyl - 3 - bromo - 4 - hydroxybenzyl) - 3 - (2 - phenylacetamido) - 2- 25 
azetidinone (18 mg.). Mp 151 to 153°C (dec). 

Example 418. . 

A methanol solution (1 mi) of bromine (352 mg.) was rapidly added dropwise to 
a solution (5 ml.) of 3-(2-phenyIacetamido)lactacillanic acid (354 mg.) and sodium 

30 acetate (246 mg.) dissolved in absolute methanol with stirring under ice-cooling. The 30 
methanol was distilled off from the reaction mixture under reduced pressure. After addi- 
tion of a mixture of ethyl acetate and water to the residue, the ethyl acetate layer was 
separated out and washed with water and dried over anhydrous magnesium sulfate. The 
solvent was distillecf off "from the "solution, ancfthe residue (590 mg.) as the yellow 

35 orange oily material was dissolved in a small amount of ethyl acetate, and the solution 35 
was subjected to column chromatography using silica : gel (7 g.). The fractions, eluted 
with a mixed solvent of ethyl acetate and acetone, were collected, and the solvent was 
distilled off from the eluate. The residue thus obtained was further subjected to pre- 
parative thin layer chromatography using silica : gel for isolation and purification. The 

40 fractions, ehited with a mixture of ethyl acetate and acetic acid (5:1), were collected, 40 
and the solvent was distilled off from the eluate, and then the residue was pulverized 
with chloroform. This powder was recrystallized from a mixture of chloroform and 
acetone to give 1 - (a - carboxy - 3,5 - dibromo - 4 - hydroxybenzyl) - 3 - (2- 
phenylacetamido) - 2 - azetidinone (157 mg.). Furthermore, the same compound 

45 (26 mg.) was recovered from the mother liquor. Total yield was 183 mg. Mp 161 to 45 

162°C (dec.). 

Example 419. 

3 - [2 - [4 - {3 - Carboxy - 3 - (2,2,2 - trifluoroacetamido)propoxy}phenyl] - 2- 
hydroxyimmoacetamidojlactacillanic acid (1.77 g.) was dissolved in methanol (20 mL). 

50 After addition of sodium acetate (1.03 g.) to said solution, the mixture was cooled to 50 
■-5°C and a methanol solution (5 ml.) of bromine (1.06 g.) was added dropwise 
thereto in 15 minutes. The reaction mixture was subjected to reaction for 15 minutes, 
and the methanol was distilled off from the reaction mixture, and then the residue was 
added to a mixture of ethyl acetate (20 mL) and water (20 mL). After adjusting the 

55 mixture to pH2 with 2% hydrochloric acid, the ethyl acetate layer was separated out 55 
and washed with a sodium thiosulfate aqueous solution, water and a sodium chloride- 
saturated-aqueous solution respectively, and then dried over anhydrous magnesium sul- 
fate. The ethyl acetate solution was concentrated, and the residue (2.56 g.) thus 
obtained was subjected to precipitation repeatedly twice with a mixture of benzene and 

60 acetone to give 1 - (a - carboxy - 3,5 - dibromo - 4 - hydroxybenzyl) - 3 - [2 - [4- 60 

{3 - carboxy - 3 - (2,2,2 - trifluoroacetamido)propoxy}phenyl] - 2 - hydroxy imino- 
aceramido] - 2- azetidinone (1.16 g.). 
I .R. absorption spectrum: 

van- 1 (liquid film): 1720 (broad), 1650. 
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Example 420. 

3-Glydnamidolactacillanic acid (100 mg.) suspended in water (5 ml.) was dis- 
solved by adding sodium bicarbonate (70 mg.). The solution was cooled to 0 to 5°C, 
and a solution of 2-(4-chIoro-2-nirtophenoxy)acetyl chloride (100 mg.) dissolved in 

5 acetone (5 ml.) was added dropwise thereto. The mixture was allowed to react at the 

same temperature for 2 hrs. The acetone was distilled off from the reaction mixture 
under reduced pressure, and the remaining solution was adjusted to pH 1 to 2 by add- 
ing diluted hydrochloric acid and then extracted with ethyl acetate. The extract was 
washed with water and dried, and the solvent was distilled off. The oily residue was 

10 washed win ether, dissolved in a small amount of methanol, and then ether was added 

to the solution. The precipitated powder was collected by filtration and dried to give 
3 - [2 - {2 - (4 - chloro - 2 - nitrophenoxy)acetamido}acetamido] - lactacillanic acid 
(82mg.).Mpl49tol53°C(dec.). t % 

The following compounds were prepared in substantially the similar manner as 

15 described above. 
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Example 469. 

3-(2-Phenylglycinamido)lactacilknic acid as a starting material and 2-[4-chloro- 
2- (a-acetoxyiiiiinobenzyl ) phenoxy ] acetyl chloride as an acylating agent were treated in 
substantially the similar maimer as described in Example 420 to give 3-[2-[2-l4-chloro- 
5 2-(a-hydroxyiinmobeiizyl)ph^ 5 

which the protective group (i.e, acetyl) on the hydroxyimino group of the starting 
material was eliminated. Mp 171 to 176°C (dec). 

Example 470. 

A suspension of 3-(2-PhenyIgIycmamido)lactaciIlanic acid (200 mg.) in a solution 
10 consisting of methylene chloride (10 ml.), N^-^iimethylformamide (1 ml.) and N,0- 10 

bis(liimemylsilyl)acetamide (1 mL), was stirred at ambient temperature for an hour. 
2-Anilino-2-phenyIacetyl chloride hydrochloride (140 mg.) was added to the reaction 
mixture under ice-cooling, and the mixture was stirred at the same temperature for an 
hour for dissolution. Furthermore, the reaction mixture was stirred at ambient tempera- 
15 ture for an hour and then concentrated under reduced pressure. After addition of ethyl 15 

acetate and water to the residue, the ethyl acetate layer was separated out and extracted 
with a sodium bicarbonate aqueous solution. After adjusting the aqueous layer to pH 1 
to 2 with lN-hydrochloric acid, it was extracted with ethyl acetate and the extract thus 
obtained was washed with water and dried over anhydrous magnesium sulfate. After 
20 solvent was distilled off, ether was added to the residue thus obtained and then the mix- 20 

ture was stirred for an hour. The separated powder was collected by filtration to give 
3 - [2 - phenyl - 2 - (2 - anilino - 2 - phenylacetamido)acetamido]lactaciUamc acid 
(89 mg.). Mp 158 to 161°C (dec.). 

Example 471. 

25 A mixture of N^-dimethylformamide (50 mg.) and thionyl chloride (200 mg.) 25 

was stirred at 40 to 50°C. for 30 minutes. After the excess of the thionyl chloride was 
distilled off, the residue was dissolved in methylene chloride (5 mL), and then the 
solution was cooled to —10 to — J°C 2- [5-(2-Thienyl)tetrazol-l-yI] acetic acid 
(114 mg.) was added to this solution at once and dissolved by adding N,N-dimethyl- 

30 forraamide (2 drops), and then the mixture was stirred for 15 minutes. This solution 

was cooled to - 60 to — 50°C, and a methylene chloride (2 mL) solution of triethyl- 
amine (65 mg,) was added thereto, and then the mixture was stirred at the same tem- 
perature for 30 minutes. To the solution cooled to -60 to — 50°Q there was added at 
once a solution which had been prepared in advance by stirring a suspension consisting 

35 of 3-(2-phenylglycmamido)lactacillanic acid (200 mg.), N,0-bis(trimethylsilyl)acet- 35 

amide (430 mg.), methylene chloride (10 mL) and N,N-dimethylformamide (1 ml.) 
at the same temperature for an hour. The reaction mixture was stirred for 30 minutes 
at the same temperature and for an hour at —20 to - 10°C and further for an hour at 
— 10 to 0°C. The solvent was distilled off from the reaction mixture to leave the residue, 

40 to which ethyl acetate and a sodium bicarbonate aqueous solution were added. The 40 

aqueous layer was separated out, adjusted to pH 4 with 10% hydrochloric acid and rhen 
extracted with ethyl acetate. The ethyl acetate layer was separated out, washed with 
water, dried over anhydrous magnesium sulfate and then the solvent was distilled off. 
The residue (70 mg.) thus obtained was washed with ether to give crude 3-[2-phenyl- 

45 2-[2-{5-(2-tm^yl)tetxazol-l-yl}acetam^ acid (60 mg.). 45 

Furthermore, the product was dissolved in ethyl acetate, and ether was added to the 
solution to precipitate crystals. The crystals were collected by filtration to give the 
purified product (30 mg.). Mp 170 to 174°C (dec). 

Example 472. 

50 2-Phenylglycolic acid, instead of the 2- [5-(2-thienyl)tetrazol-l-yIJ acetic acid, was 50 

treated in substantially the similar manner as described in Example 471 to give 3-[2-(2- 
hydroxy-2-phenykcetanndo)-2-phenykcetamido]lactadIlanic arid. Mp 90 to 93 °C 
(dec). 

Example 473. 

55 Acetone (J mL) was added to an aqueous solution (5 mL) of 3-[2-(2-thienyl)- 55 

glycmamidojlactacillanic acid (0.358 g.) and sodium bicarbonate (0.185 g.)> and the 
solution was cooled to 0 to 5°C. To the solution, there was added dropwise a dried 
acetone (5 ml.) solution of 2- (4-chloro-2-nitrophenoxy) acetyl chloride (0.230 g.) 9 and 
the mixture was allowed to react at the same temperature for 2 hrs. After the acetone 

60 was distilled off from the reaction mixture under reduced pressure, the remaining 60 

aqueous layer was washed with ethyl acetate, adjusted to pH 1 to 2 with diluted hydro- 
chloric acid and then extracted with ethyl acetate. The extract was washed with water 
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and dried, and the solvent was distilled ofi to give the residue (0.34 g.)« The residue 
was dissolved in methanol (2 mi), and to the solution, there was added an acetone 
(1 ml.) solution of sodium 2-ethylhexanate (0.88 g.) and then ether (15 mL). The 
precipitated powder was collected and washed three times with ether to give sodium 
salt of 3 - [2 - (2 - (4 - chloro - 2 - nitrophenoxy) acetamido} - 2 - (2 - thienyl)acet- 
amido]lactacilIamc acid (0.140 g.). Mp 187 to 190°C (dec.). 

The following compounds were prepared in substantially the similar manner as 
described above. 
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with ethyl acetate, adjusted to pH 1 to 2 with diluted hydrochloric add and extracted 
with ethyl acetate. The extract was washed with water and dried, and the solvent was 
distilled off. The oily residue (469 mg.) was chromatographed on silica gel (7 g.) and 
eluted with a mixture of ethyl acetate and methanol to give 3-[2-(3-benzoylthio- 
5 ureido)-2-(2-thienyl)a£^tamido]kctadllanic acid (97 mg.) Mp 124 to 129°C (dec). 5 

Example 483. 

85% 3-Chloroperbenzoic acid (50 mg.) was added to a solution of 3-(2-methyl- 
thio-2-phenyIacetamido ) lactacillanic add (100 mg.) dissolved in methanol (5 ml.) 
under ice-cooling, and the mixture was allowed to react with stirring at the same tem- 
10 perature for an hour. The reaction mixture was concentrated under reduced pressure, 10 

and the residue was washed with chloroform to give 3-(2-rnethylsulfinyl-2-phenylacet- 
amido)lactadilanic add (86 mg.). 
I.K. absorption spectrum, 

v cm- 1 (Nujol: 1740, 1720, 1665, 1020. 

15 Example 484. 15 

85% Chloroperbenzoic add (61 mg.) was added to a solution of 3-[2-{N-(2- 
naphthyl)carbamoylmethylthio}-2-ph^ add (171 mg.) dis- 

solved in acetone (7 mL) under ice-cooling, and the mixture was allowed to react with 
stirring at the same temperature for an hour. The reaction mixture was concentrated, 

20 and the residue was crystallized from chloroform to give 3-[2-{N-(2-naphthyI)carb- 20 
amoylrnethylsulfiiiyl}-2-phenylacetainid , o] lactadlianic add (134 mg.). Mp 151 to 
155°C (dec.). 

Example 485. 

3 - [2 - {4 - (3 -Amino - 3 - carboxypropoxy)phenyl}glycinamido] kctadllanic 
25 add. (1.00 g.) was dissolved in an aqueous solution (20 ml.) of sodium bicarbonate 25 

(0.66 g.), and acetone (10 ml.) was added thereto. After the solution was ice-cooled, 
an acetone solution (5 ml.) of 2,4-dinirro- 1 -fluorobenzene (0.75 g.) was added drop- 
wise thereto with stirring, and then the mixture was stirred at the same temperature for 
30 minutes and further at ambient temperature for 5 hours. The reaction mixture was 
30 washed with ethyl acetate and was adjusted to pH 2 with 10% hydrochloric add, and 30 
then extracted with ethyl acetate. The ethyl acetate layer was separated, and the solvent 
was distilled off under reduced pressure. The residue was pulverized with ether to give 
3 . [2 - [4 - {3 - carboxy - 3 - (2,4 - dinitroanilho)propoxy} phenyl] - 2 - (2,4- 
dmftroariilmo)acetarm^o]lacteciUam add (1.50 g.). 
35 I.R. absorption spectrum, 35 

vcm- 1 (Nujol): 1735, 1700 (shoulder), 1520, 1340. 

Example 486. 

3 - [2 -{4 - (3 - Amino - 3 - carboxypropoxy)phenyl) - glycinamido] lactacillanic 
add (0.49 g.) and sodium bicarbonate (0.49 g.) were dissolved in water (10 ml.), and 

40 methanol (5 ml.) was added to the solution. To the solution, there was added 40 

dropwise a methanol solution (7 ml.) of methyl 4-fiuoro-3-nitrobenzoate (0.80 g.), and 
the mixture was allowed to react at ambient temperature for 17 hrs. and further at 50*C 
for 4 hours. After cooling the reaction mixture for a while, the predpitate was removed 
by filtration. The methanol was distilled off from the filtrate under reduced pressure, 

45 and the aqueous residue was washed with ether, adjusted to pH 3 with lN-hydrochloric 45 

add and extracted with ethyl acetate. The ethyl acetate layer was separated and dried 
over anhydrous magnesium sulfate, and then the solvent was distilled off under reduced 
pressure. The residue was pulverized with benzene to give 3 - [2 - [4 - {3 - carboxy- 
3 - (4 - methoxycarbonyl - 2 - nitroanilino)propoxy}phenyl] - 2 - (4 - methoxycarb- 

50 onyl - 2 - mtroarinmo)acetarmdo]kctacillanic add (0.86 g.). Mp 150 to 155°C 50 

(dec). 

Example 487. 

3 - [2 - {4 - (3 - Benzamido - 3 - carboxypropoxy)phenyl)glycinamido] lacta- 
cillanic add (8.9 g.) and sodium bicarbonate (5.4 g.) was dissolved in water (100 ml.), 

55 and methanol (100 ml.) and methyl 4-fluoro-3-nitrobenzoate (4.5 g.) was added there- 55 

to. The mixture was allowed to react with stirring at 40 to 50° C for 4 hrs. The meth- 
anol was distilled off from the reaction mixture under reduced pressure, and the residue 
was washed with ethyl acetate, adjusted to pH 2 with 10% hydrochloric acid and 
extracted with ethyl acetate. The extract was washed with diluted hydrochloric add and 

60 water, and dried. The solvent was distilled off from the ethyl acetate layer under reduced 60 

pressure, and the residue was pulverized with ether and collected by filtration to give 
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3 - [2 - (4 - (3 - benzamido - 3 - carboxypropoxy) phenyl} - 2 - (4 - methoxycarbonyl- 
2 - nitroaniIino)acetamido]laaacillanic acid (9.23 g.). 

IiL absorption spectrum, 

vcm- 1 (Nujol): 1730, 1620, 1528, 1532. 

5 Example 488. 5 

3 . [2 - {4 - (3 - Carboxy - 3 - phthaliirudopropoxy)phenyl}glydnamido]lacta- 
cillanic acid (0.68 g.) was dissolved in an aqueous solution (10 ml.) of sodium bicar- 
bonate (0-40 g.). To the solution, there was added methanol (10 ml) and then methyl 
4-fluoro-3-nitrobenzoate (030 g ), and the mixture was allowed to react at 50° C 

10 under stirring for 3 hrs. The methanol was distilled off from the reaction mixture, and 10 

the aqueous residue was washed with ethyl acetate, adjusted to pH 2 with 10% hydro- 
chloric acid and then extracted with ethyl acetate. The ethyl acetate layer was separated 
and dried over anhydrous magnesium sulfate. The solvent was distilled oif Irom the 
ethyl acetate layer under reduced pressure, and the residue was pulverized with ether to 

15 give 3 - [2 - {4 - (3 - carboxy - 3 - phthalimidopropoxy ) phenyl} - 2 - (4 - methoxy- 15 

carbonyl - 2 - nitroanilmo)acetamido]lactacillanic acid (0.53 g.). Mp 155 to 160°C 
(dec.). 

Example 489. 

Sodium salt of 3-[2-{4-(3-animo-3K^oxypror»xy)phenyll-2^ydroxyiinmo- 

20 acetamido]lactacilIanic acid (0.50 g.) was dissolved in water (10 ml.;. Acetone (2 ml.) 20 
was added to the solution, and after stirring the solution for a while sodium borohydride 
(030 g.) was added little by little thereto, and then the mixture was stirred for 3 hrs. 
Acetone (2 ml.) was added to the reaction mixture, and the solution was adjusted to 
pH 3 with 10% hydrochloric acid. The precipitated crystals were collected by filtration 

25 to give 3 - [2 - [4 - {3 - carboxy - 3 - (N - isopropylainino)propoxy}phenyl] - 2- 25 
hyd^xyiminoacetamidojlactacillanic acid (0.05 g.). Furthermore, the mother liquor 
was concentrated to nearly half of its original volume, and the precipitated^ crystals 
were collected by filtration to recover the same product (0.17 g.)* Total yield was 
022 g. Mp 193 to 194°C (dec). 

30 Example 490. 30 

3 - [2- {4 - (3 - Amino - 3 - carboxypropoxy) phenyl} - 2 - hydroxyiminoacet- 
amido]Iactacillanic acid as a starting material and methyl 2-formyiacetate as a carbonyl 
compound were treated in substantially the similar manner as described in Example 489 
to give 3 - [2 - [4 - (3 - carboxy - 3 - (N - (2 - methoxycarbonylethyl ) amino}pro- 

35 poxy] phenyl] - 2 - hyaroxyiminoacetamido]lactacilIanic acid. Mp 175 to 179°C 35 
(dec.). 

Example 491. 

Sodium salt of 3- [2- (4- ( 3 -amino-3-carboxypropoxy ) phenyl} -2-hydroxyiminoacet- 
amido]lactacillanic acid (0.50 g.) was dissolved in water (10 ml), 30% formaldehyde 

40 aqueous solution (1 ml.) was added thereto under ice-cooling. The mixture was stirred 40 
for a while, and sodium borohydride (0.15 g.) was added gradually thereto. After stir- 
ring the mixture for 30 minutes, it was adjusted to pH 3 with 10% hydrochloric add 
under ice-cooling. The precipitated crystals were collected by filtration, washed with 
water and acetone, and dried at 40° C under reduced pressure to give 3 - [2 - [4 - {3- 

45 carboxy - 3 - (N,N - dimethy lamino ) propoxy } phenyl] - 2 - hydroxyirninoacetarnido]- 45 
lactadllanic add (0.28 g,). Mp 193 to 194°C (dec). 

Example 492. 

3-(4-Nitrobenzamido)lactaciIlanic add (235 mg.) was dissolved in methanol 
(20 mi), and palladium : carbon (40 mg.) as a catalyst was added thereto. The mix- 
50 ture was shaken in a stream of hydrogen at ambient temperature under ordinary atmos- 50 

phere, while a calculated volume (44 ml.) of hydrogen was absorbed in about an hour. 
The catalyst was removed by filtration from the reaction mixture, and the filtrate was 
evaporated to dryness under reduced pressure. The residue was treated with ether and 
collected by filtration to give 3-(4-aminoben2amido)lacucillanic add (200 mg.). Mp 
55 190 to 194°C (dec). 55 

Example 493. 

3-(3 : 5-Dinitrobenzamido)Iactacillanic add (210 mg.) was dissolved in methanol 
(20 ml.), and palladium : carbon (40 mg.) as a catalyst was added thereto. The mix- 
ture was shaken in a stream of hydrogen at ambient temperature under ordinary atmos- 
60 phere, while a calculated volume (70 ml) of hydrogen was absorbed in 2 hrs. The 60 

catalyst was removed by filtration from the reaction mixture, and the filtrate was evapor- 
ated to dryness under reduced pressure. The residue was washed with ether and dis- 
solved in acetone. After the acetone solution was filtered, ethyl acetate was added to 
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the filtrate, and then the solution was concentrated. The concentrate was filtered, and 
the filtrate was evaporated to dryness under reduced pressure. The residue was treated 
with ether and collected by filtration to give 3-(3,5-diammobenzamido)lactaciUanic acid 
(60 mg.). Mp 116 to 121 °C (dec.). 

5 Example 494. 5 

3-[2-(4-Foimylphenoxy)acetamidollactacilIanic acid (200 mg.) was added to a 
solution of hydroxylamine hydrochloride (70 mg.) dissolved in water (1 ml.) and IN- 
sodium hydroxide aqueous solution (15 mL), and the mixture was stirred at ambient 
temperature for 30 minutes. Ethyl acetate was added to the reaction mixture and 1N- 

10 hydrochloric acid (15 ml.) was added thereto. The mixture was shaken and the ethyl 10 

acetate layer was separated. The layer was washed with water and dried over anhydrous 
magnesium sulfate, and then the solvent was distilled off. The residue (190 mg.) was 
allowed to crystallize. A mixed solvent of ethyl acetate and chloroform (1:1) was added 
to the residue to precipitate crystals, and the solution was stirred at ambient temperature 

15 for an hour. The crystals were collected by filtration to give 3-[2-(4-hydroxyimino- 15 

methylphenoxy)acetamido]IactaciIlanic acid (130 mg.). Mp 150 to 155 C C (dec). 

Example 495. 

3-[2-(4-Formylphenoxy)acetamido]lactadllauic acid (200 mg.) was added to a 
solution consisting of 2-aininooxyacetic acid : 1/2 hydrochloride (66 mg.) and 1N- 

20 sodium hydroxide aqueous solution (1.5 ml), and the mixture was stirred at ambient 20 

temperature for 2 hrs. The reaction mixture was adjusted to pH 2 with lN-hydrochloric 
acid, and then extracted with ethyl acetate. The ethyl acetate layer was separated, 
washed with water and dried over anhydrous magnesium sulfate. After the solvent was 
distilled off from the extract, ether was added to the residue and then the mixture was 

25 stirred at ambient temperature for 2 hrs. The precipitated crystals were collected by 25 

filtration, and the crystals (150 mg.) was washed with ethyl acetate to give 3-[2-(4- 
carboxymemoxyimmomethylphenoxy)acetamido]laaacillamc acid (110 mg.). Mp 144 
to 147°C (dec). 

Example 496. ; 

30 3-[2-(4-Formylphenoxy)-2-phenylacetamido]lamcillanic acid (237 mg.) was 30 

added to a solution consisting of 2-aminooxyacetic acid : 1/2 hydrochloride (106 mg.) 
and IN-sodium hydroxide aqueous solution (1.8 mL), and the mixture was stirred at 
ambient temperature for 2 hrs. The reaction mixture was adjusted to pH 1 to 2 with 
10% hydrochloric acid and extracted with ethyl acetate. The ethyl acetate layer was 

35 separated, washed with water and dried over anhydrous magnesium sulfate. After the 35 

solvent was distilled off from the extract, the residue was washed with diisopropyl ether 
and collected by filtration to give 3-[2-(4-carboxymemoxyiminomethylphenoxy)-2- 
phenylacetamidojiactacillanic acid (190 mg.). Mp 117 to 121°C (dec). 

Example 497. 

40 3-[2-(4-Formylphenoxy)acetamido]lactacillanic acid (200 mg.) was added to a 40 

solution of IN- sodium hydroxide aqueous solution (5 ml.) and N- ( carbazoy lmethyl ) - 
N,N,N-trimethyIammonium chloride (90 mg.), and the mixture was stirred at ambient 
temperature for 2 hrs. Further, N-(carbazoylmethyl)-N,N,N-ixunemylammonium 
chloride (90 mg.) was added to this solution, and the mixture was allowed to stand 

45 overnight. To the reaction mixture, there were added lN-hydrochloric acid (05 ml.) 45 

and acetic acid (100 mg.), and then the solution was washed with ethyl acetate and 
ether. The aqueous layer was separated, and the organic solvent saturated in the layer 
was completely distilled off under reduced pressure. The residue was chromatographed 
on a nonionic adsorption resin, Amberlite XAD — 2 (50 ml.) (trade mark, maker; 

50 Rohm and Haas Co., Ltd.). Elution was conducted with water and then methanol, and 50 

the fractions containing an objective compound, which can be eluted with methanol, 
were collected. The fractions combined together was concentrated. The residue was 
washed with ethanol and collected by filtration to give N - [3 - [4 - [N - { - (a - carb- 
oxy - 4 - hydroxybenzyl) - 2 - oxo - 3 - azeudmyl)carbamoyImethoxy]benzylidene]- 

55 carbazoylmethyl] - N,N,N - trimethylammonium chloride (188 mg.). Mp 199 to 55 

205°C (dec). 

Example 498. 

A solution of hydroxylamine hydrochloride (35 mg.) in water was added to 0.1N- 
sodium hydroxide aqueous solution (5 ml.) of 3-[2-{2-(2-benzoyl-4-chIorophenoxy)- 
60 acetamido} - 2 - phenylacetamido] lactacillanic acid (160 mg.). The solution was 60 

adjusted to pH 6.0 to 6.2 by adding a small amount of hydroxylamine hydrochloride 
and stirred for 10 minutes. Methanol (5 ml.) was added to the mixture, and the reac- 
tion solution, after stirred at ambient temperature for 3 hrs. was allowed to stand over- 
night in a refrigerator. The precipitated crystals were collected by filtration to give 
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3 - [2 - [2 - {4 - chloro - 2 - (« - hydroxy iminobenzyl)phenoxy}acetamido] - 2- 
phenyiacetarm^o] lactacillanic acid (100 mg.). Mp to 171 to 176°C (dec.). 

Example 499. 

3 _ [2 - {4 - (3 - Acetamido - 3 - carboxypropoxy)phenyl}glycinamido]lactacil- 
5 lanic acid (1.3 g.) was dissolved in 50% pyridine aqueous solution (26 ml.), and the 5 

solution was adjusted to pH 8.4 with IN- sodium hydroxide aqueous solution. Phenyl 
isothiocyanate (0.40 g.) was added to the solution under ice-cooling, and the mixture 
was stirred for 4.5 hrs. The reaction mixture was washed with ether, and the separated 
aqueous layer was adjusted to pH 2 with 10% hydrochloric acid to give precipitates, 
10 which were collected by filtration. The precipitates were dissolved in a sodium bicar- 10 
bonate aqueous solution, and the solution was adjusted to pH 2 with 10% hydrochloric 
acid. The precipitated crystals were collected by filtration to give 3 - [2 - {4 - (3- 
acetamido - 3 - carboxypropoxy) phenyl} - 2 - (3 - phenyIthioureido)acetamido]lacta- 
cillanic acid (0.92 g.). Mp 150 to 156°C (dec). 

15 Example 500. 15 

3 - [2 - {4 - (3 - Acetamido - 3 - carboxypropoxy ) phenyl} gIycinamido]Iactacil- 
lanic acid (2.0 g.) was dissolved in 50% pyridine aqueous solution (20 ml.), and the 
solution was adjusted to pH 8.6 with lN-sodium hydroxide aqueous solution under 
ice-cooling. 1-Naphthyl isothiocyanate (0.74 g.) was added to said solution at the same 

20 temperature, and the mixture was stirred at ambient temperature for 4 hrs. The reaction 20 
mixture was washed with ether, and the separated aqueous layer was adjusted to pH 2 
with 10% phosphoric acid under ice-cooling. The precipitated solid material was col- 
lected by filtration, washed with water and then dissolved in a sodium bicarbonate- 
saturated-aqueous solution. The solution was adjusted to pH 2 with 10% phosphoric 

25 acid, and then the precipitated crystals were collected by filtration to give 3 - [2 - {4- 
(3 - acetamido - 3 - carboxypropoxy) phenyl} - 2 - {3 - (1 - naphthyl)thionreido} - 
acetamido] lactacillanic acid (2.5 g.). Mp 142 to 147°C (dec.). 

Example 501. 

3 - [2 - {4 - (3 - Acetamido - 3 - carboxypropoxy )phenyl}glycmamido] lactacil- 
30 lanic acid as a starting material and acetyl chloride as an acylating agent were treated in 
substantially die similar manner as described in Example 500 to give 3-[2-{4-(3-acet- 
amido-3-carboxypropoxy ) phenyl}-2-acetamidoacetamido ] lactacillanic acid. 
IJL absorption spectrum, 

rem- 1 (Nujol): 1735, 1650. 

35 Example 502. 35 

3 _ [2 - {4 - (3 - Benzamido - 3 - carboxypropoxy) phenyl} glycinamido] lactacil- 
lanic acid (7.8 g.) was dissolved in 50% pyridine aqueous solution (160 ml.), and the 
solution was adjusted to pH 8.6 by adding lN-sodium hydroxide aqueous solution. 
Phenyl isothiocyanate (2.64 g.) was added to said solution at the same temperature, 

40 and the mixture was stirred for 3 hrs. The reaction mixture was washed with ether, and 40 

the separted aqueous layer was adjusted to pH 2 with 10% phosphoric acid under 
cooling. The separated oily material was collected and dissolved in sodium bicarbonate- 
saturated-aqueous solution. The solution was adjusted to pH 2 with 10% phosphoric 
acid, and the precipitated crystals were collected by filtration to give 3 - [2 - {4 - (3- 

45 benzamido - 3 - carboxypropoxy) phenyl} - 2 - (3 - phenylthioureido) acetamido] lacta- 45 

cillanic acid (9.6 g.). Mp 133 to 138°C (dec). 

The following compounds were prepared in substantially the similar manner as 
described in Example 502. 
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Example 507. 

3 - [2- {4 - (3 - Amino - 3 - carboxypropoxy ) phenyl) - 2 - hydroxy iminoacet- 
amido]lactacillanic acid (2.0 g.) suspended in water (20 ml.) was dissolved by adding 
lN-sodium hydroxide aqueous solution (4.5 ml.) thereto, and then sodium hydroxy- 
5 methaaesulfonate (1 hydrate) (0.66 g.) was added to said solution. 5 

The mixture was stirred at ambient temperature for 2.5 hrs. The reaction mix- 
ture was filtered, and the nitrate was concentrated to about two third of its original 
volume under reduced pressure. Acetone (40 ml.) was added to the residue, and the 
precipitated powder was collected by filtration to give disodium salt of 3 - [2 - [4 - {3- 
10 carboxy - 3 - (N - sulfomethylamino)propoxy} phenyl] - 2 - hydroxyiminoacetamido] - 10 

lactacillanic acid (1.85 g.). 
I.R. absorption spectrum, 

van" 1 (Nujol): 1730, 1600, 1240. 

Example 508. 

15 3 - [4 - (3 - Amino - 3 - carboxypropoxy )phenylgJyoxyloylammo] lactacillanic 15 

acid (0J0 g.) suspended in water (10 mL) was dissolved by adding IN- sodium 
hydroxide aqueous solution (1.1 mL) thereto. Sodium hydroxymethanesulfonate (1 
hydrate) (0.152 g.) was added to said solution, and the mixture was stirred at ambient 
temperature for 4 hrs. The water was distilled off from the reaction mixture under 

20 reduced pressure, and the residue was pulverized with acetone. The powder (0.49 g.) 20 

was dissolved in a small amount of water, and acetone was added gradually to said 
solution. The precipitated crystals were collected by filtration to give disodium salt of 
3 - [4 - (3 - carboxy - 3 - [N - sulfomethylammo)propoxy}phenylglyoxyloylamino]- 
lactacillamc add (63 mg.). 

25 I.R. absorption spectrum, 25 

van- 1 (Nujol): 1720, 1650, 1260. 

Example 509. ■[ 
A mixture of 3 - [2 - {4 - (3 - amino - 3 - carboxypropoxy)phenyl} - 2- 
hydroxyiminoacetamido] lactacillanic acid (500 mg.) in water (6mL) was dissolved by 

30 adding lN-sodium bicarbonate aqueous solution (12 ml.) under cooling. To the solu- 30 
tion, there was added a solution of acetaldehyde £220 mg.) and sodium hydrogensulfite 
(520 mg.) dissolved in water (5 ml.), and the mixture was stirred at room temperature 
for 3 hrs. and further at 45 6 C for an hour. The reaction mixture was concentrated to 
about one third of its original volume under reduced pressure. Ethanol (10 ml.) was 

35 added to the residue, and the precipitated crystals were collected by filtration to give 35 

3 - [2 - [4 - [3 - carboxy - 3 - [N - (1 - sulfoethyl)amino}propoxy] phenyl] - 2- 
hydroxymiinoacetamido] lactacillanic acid disodium salt (0.3 g.). Mp 224.5 to 229°C 
(dec). 

Example 510. 

40 3 - [2 - (2 - (2 - Carboxyphenylthio)acetamido} - 2 - phenylacetamido]lactacil- 40 

lame acid (169 mg.) was dissolved in acetone (6 ml), and 85% 3-cbloroDerbenzoic 
acid (61 mg.) was added to the solution under ice-cooling, and then the mixture was 
stirred at the same temperature for an hour. After the reaction mixture was concentrated 
under reduced pressure, ethyl acetate (about 3 ml.) was added to the residue and then 

45 the solution was stirred for 2 hrs. The precipitated crystals were collected by filtration, 45 
washed with ethyl acetate and dried to give 3 - [2 - (2 - (2 - carboxyphenylsulfinyl)- 
acetamido} -2 - phenylacetamido] lactacillanic acid (120 mg.). Mp 175 to 181°C 
(dec.). 

Example 511. 

50 3 - [2 - [4 - (3 - Carboxy - 3 - (2,2,2 - trifluoroacetaraido)propoxy)phenyl] - 2- 50 

hyo>oxyxminoacetamido]lactacnianic acid (0.59 g.) was dissolved in a solution of 
acetone (10 ml.) and water (10 ml.), and sodium bicarbonate (0.34 g.) and sodium 
iodide (0.15 g.) were added to the solution and then the mixture was allowed to stand 
for a while. Chloromethyl pivalate (0.60 g.) was added to said solution, and the mix- 

55 ture was heated under reflux for 4 hrs. The acetone was distilled off from the reaction 55 
mixture under reduced pressure, and the residue was added to a mixture of ethyl acetate 
(20 ml.) and water (20 ml.). The separated ethyl acetate layer was washed with a 
sodium bicarbonate aqueous solution, water and then a sodium chloride-saturated- 
aqueous solution respectively, and dried over anhydrous magnesium sulfate. The solvent 

60 was distilled off from the ethyl acetate solution under reduced pressure, and the residue 60 

was pulverized with benzene. The powder (0.19 g.) thus obtained was chromato- 
graphed on silica : gel (10 g.). Elution was conducted with a mixture of chloroform and 
methanol (99:1), the fractions containing the object compound were collected, and then 
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the solvent was distilled off from the fractions. The residue was recrystallized from a 
mixture of ether and diisopropyl ether to give 1 - (a - pivaloyloxymethoxycarbonyl- 
4 - hydroxybenzyl) - 3 - [2 - [4 - {3 - pivaloyloxymethoxycarbonyl - 3 - (2,2,2 - tri- 
mioroacetamido)propoxy}phenyl] - 2 - hydroxyiminoacetamido] - 2 - azetidinone 
5 (0.12g.).Mpl35tol40°C(dec.). 5 

Example 512. 

Triethylamine (1.0 g.) and pyridine (6.4 g.) was added to a solution of 3 - [2- 



10 mixture, after stirred for a while, was cooled to —20 to — IS'l;, ana a solution oi 10 

2^2-trichloro ethyl chlorofonnate (2.1 g.) dissolved in dried acetone (20 ml.) was 
added dropwise thereto in 15 minutes, and then the mixture was stirred at the same 
temperature for 2 hrs. The acetone was distilled off from the reaction mixture under 
reduced pressure, and the residue was added to a mixture of water (200 ml.) and ethyl 
15 acetate (200 ml). The ethyl acetate layer was separated, washed with a sodium bicar- 15 

bonate aqueous solution and a sodium chloride-saturated-aqueous solution, and then 
dried over anhydrous magnesium sulfate. The solvent was distilled off from the ethyl 



acetate layer, and the residue was pulverized with ether. The powder (12 g.) thus 
obtained was chromatographed on silica : gel (50 g.). Elution was conducted with a 



20 



20 mixture of chloroform and methanol (99.1). The fractions containing the object com- 
pound were collected, and the solvent was distilled off to give 1 - [a - (2,2,2 - trichloro- 
ethoxycarbonyl) - 4 - hydroxybenzyl] - 3 - [2 - [4 - {3 - (3 - phenylthioureido) - 3- 
(2,2,2 - trichloroethoxycarbonyl)propoxy}phenyl] - 2 - (3 - phenylthioureido) acet- 
amido] - 2 - azetidinone (0.16 g.). 

25 lit absorption spectrum, 25 

v cm- 1 (Nujol): 1750, 1680, 1220. 

Example 513. 

An ether solution of diazomethane was added dropwise to a solution of 3 - [2 - {4- 
(3 - acetamido - 3 - carboxypropoxy)phenyl} - 2 - hydroxyirainoacetamido] lactacil- 
30 lanic acid (5.5 g.) dissolved in methanol (150 ml.) until the color of the diazomethane 30 
came to not disappear in the latter solution. The reaction mixture was allowed to stand 
overnight in a refrigerator, and the solvent was distilled off. The residue was chromato- 
graphed on silica : gel. Elution was conducted with a mixture of chloroform and 
methanol (98:2), and the fractions containing the object compound were collected. The 
35 solvent was distilled off to give 1 - (a - raethoxycarbonyl - 4 - methoxybenzyl) - 3- 35 

[2 - (4 - (3 - acetamido - 3 - methoxycarbonylpropoxy)phenyl} - 2 - methoxyimino- 
acetamido] - 2 - azetidinone (3.50 g.). 

N.M.R. absorption spectrum, „ 
a*. (CDC1,): 1.95 (3H,s), 225 (2H, m), 3.15 (1H, d,d, J-3H„ 6H,), 
40 3.70 (3H, s), 3.74 (3H, s), 3.78 (3H, s), 3.89 (3H, s), 40 

3.96 (2H, t, J= 6H,), 4.70 (1H, q, J= 8H,), 4.92 (1H, m), 
5.52 (1H, s), 6.75 (2H, d, J-9H,), 6.86 (2H, d, J = 9H t ), 
7.20 (2H, d, J=9H,), 7.45 (2H, d, J=9H,) 

Example 514. 

45 3 - [2 - [4 - {3 - Carboxy - 3 - (2,2,2 - trifluoroacetamido)propoxy}phenyl] - 2- 45 

hydVoxyiminoacetamidoJlactacillanic acid (2.0 g) was dissolved in a mixture of ether 
(20 ml) and methanol (15 ml.), and the solution was ice-cooled. An ether solution of 
diazomethane was added dropwise to said solution until the color of the diazomethane 
came to not disappear in the latter solution. The reaction mixture was stirred at the 

50 same temperature for 4 hrs. and further at ambient temperature for 2 hrs. The solvent 50 

was distilled off from the reaction mixture, and the residue (2.10 g.) was chromato- 
graphed on silica : gel (50 g.), and then the elution was conducted with chloroform. 
The fractions containing the object compound were collected, and the chloroform was 
distilled off to give 1 - (a - methoxycarbonyl - 4 - methoxybenzyl) - 3 - [2 - [4- 

55 {3 - methoxycarbonyl - 3 - (2,2,2 - trifluoroacetamido)propoxy}phenyl] - 2 - meth- 55 

oxyiminoacetamido] - 2 - azetidinone (129 g.). 
I.R. absorption spectrum, 

v cm" 1 (liquid film): 1730, 1700, 1650. 

Example 515. 

60 3 - [2 - (4 - (3 - Carboxy - 3 - phthalimidopropoxy) phenyl} - 2 - hydroxy imino- 60 

acetamido] - 2 - azetidinone (3.50 g.) was dissolved in methanol (30 ml), and the 
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solution was ice-cooled. An ether solution of diazomethane was added dropwise to said 
solution, until the color of the diazomethane came to not disappear in the latter solution. 
The mixture was stirred for 5 hrs., and then allowed to stand one day and night in a 
refrigerator. The solvent was distilled off from the reaction mixture, and the residue 
5 was chromatographed on silica : gel (80 g.). Elution was conducted with chloroform, I 

and then with a mixture of chloroform and methanol (98:2). The fractions, which were 
eluted with a mixture of chloroform and methanol were collected and the solvent was 
distilled off to give 1 - (a - methoxycarbonyl - 4 - methoxybenzyl) - 3 - [2 - {4- 
(3 - phthalimido - 3 - methoxycarbonylpropoxy) phenyl} - 2 - methoxyiminoacet- 
10 amido] - 2 - azetidinone (1.20 g.)- 

N.MH. absorption spectrum, x 
S om (CDCU) : 2.70 (2H, s), 3.15 (1H, d, d, J = 3H„ 6H,), 3.70 (1H, m), 
3.75 (6H, s), 3.78 (3H, s), 3.88 (3H, s), 3.94 (2H, m), 
5.05 (1H, m), 5.16 (1H, t, J = 6H«), 5.56 (IH, s), 6.62 
15 (2H, d, 1 = 911,), 6.84 (2H, d, J=9H,), 720 (2H, d, 15 

J « 9H,), 7.38 (2H, d, J= 9H,), 7.74 (4H, m). 

Example 516. 

An ether solution of diazomethane was added dropwise to a solution of 3 - [2 - {4- 
(3 - acetaraido - 3 - (carboxypropoxy) phenyl) - 2 - acctanudoacetamido]lactarillariic 

20 acid (0.70 g.) dissolved in methanol (20 ml.) until the color of the diazomethane came 20 

to not disappear in the latter solution. Then, the mixture was allowed to stand over night 
in a refrigerator. The solvent was distilled off from the reaction mixture and the residue 
was chromatographed on silica gel (25 g.). Elution was conducted with chloroform, 
and then with three kind of a mixture of chloroform and methanol (99:1), (98:2) and 

25 (97:3). The fractions containing the object compound were collected and the solvent 25 

was distilled off to give 1 - (« - methoxycarbonyl - 4 - methoxybenzyl) - 3 - [2- 
{4 - (3 - acetamido - 3 - methoxycarbonylpropoxy )phenyl) - 2 - acetamidoacetamido]- 

2 - azetidinone (030 g.). 

I.R. absorption spectrum, - n 
30 v cm- 1 (CHCls): 1745, 1667, 1195. 30 

Example 517. 

3 - [4 - (3 - Amino - 3 - carboxypropoxy)phenylglyoxyloylanimo]lactacillaruc 
acid (2.50 g.) was dissolved in dimethylsulfoxide (17.5 ml.), and acetic acid (12.5 ml.) 
and water (12.5 ml.) was added to said solution under ice-cooling, and then the mix- 

35 ture was stirred for a while. To the solution, there was added an aqueous solution of 35 

sodium nitrite (0.50 g.) in water (2 ml.), and the mixture was stirred at ambient tem- 
perature for 2 hrs. The reaction mixture was added to ice-water (50 ml.) and the solu- 
tion was extracted with ethyl acetate (50 ml.) three times. The ethyl acetate layer was 
separated, washed twice with water (20 ml) and once with a sodium chloride- saturated- 

40 aqueous solution, and dried over anhydrous magnesium sulfate. The solvent was distilled 40 

off, and the residue was crystallized from a mixture of ethyl acetate and ether to give 

3 - [4 _ (3 - carboxy - 3 - hydroxypropoxy)phenylglyoxyloylammo]kaadllanic acid 
(0.49 g.). Furthermore, the same object product (0.21 g.) was recovered from the 
mother liquor. Total yield was 0.70 g. Mp 196 to 201*0 (dec.). 

45 Example 518. 45 

3 - [2 - {4 - (3 - Carboxy - 3 - phmalimidopropoxy)phenyl}glycinaniido31acta- 
cillanic acid as a starting material was treated in the similar manner as described in 
Example 517 to give 3 - [2 - {4 - (3 - carboxy - 3 - phthalimidopropoxy ) phenyl} - 
2-hydroxyacetamido]lactaciilanic acid. Mp 160 to 163 °C (dec). 

50 Example 519. 50 

3 - [2 - Glycinamido - 2 - (2 - thienyl) acetamido] lactacillanic acid (200 mg.) 
was dissolved in an aqueous solution (5 ml.) of sodium bicarbonate (168 mg.). To the 
solution, there was added methanol (5 ml.) and then methyl 4-fluoro-3-nitrobenzoate 
(80 mg.), and the mixture was stirred at 50°C, for 3 hrs. The methanol was distilled 

55 off from the reaction mixture under reduced pressure, and the aqueous residue was 55 
washed with ethyl acetate. The aqueous solution was adjusted to pH 2 to 3 with 10% 
hydrochloric acid under cooling and extracted with ethyl acetate twice. The extracts 
were combined together, washed with water, dried over anhydrous magnesium sulfate 
and then evaporated to dryness under reduced pressure. The residue (90 mk.) was 

60 crystallized from ether to give crude 3 - [2 - (N - (4 - methoxycarbonyl - 2 - nitro- 60 
phenyl) glycinamido} - 2 - (2 - thienyl) acetamido] lactacillanic acid (70 mg.). Fur- 
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thermore, this product was chromatographed on silica : gel (2 g.), and the fractions 
eluted with ethyl acetate were collected, and the solvent was distilled off from the 
eluate to give the purified same product (11 mg.). Mp 160 to 164°C (dec.). 

Example 520. 

5 3-(2-Phenylglydnamido)Iactadllanic acid (369 mg.) was dissolved in a solution of 5 

sodium carbonate (10 hydrate) (572 mg.) in water (8 ml). To the solution, was added 
a solution of 5 -chloro-3 -phenyl- 1^,4-oxadiazoIe (ISO mg.) dissolved in acetone 
(7 mi), and the mixture was allowed to react at ambient temperature for 5 hrs. The 
reaction mixture was adjusted to pH 7.0 with sodium bicarbonate and washed with 

10 ethyl acetate. The aqueous solution thus obtained was adjusted to about pH 3 with 10 

diluted hydrochloric add and then extracted with ethyl acetate. The ethyl acetate layer 
was separated, washed with water and dried over anhydrous magnesium sulfate, and 
the solvent was distilled off. The oily residue (270 mg.) was chromatographed on 
silica : gel (7 g.)- The fractions, eluted with a mixture of ethyl acetate and methanol 

15 (97:3), were collected, and the solvent was distilled off to give 3- [2- phenyl -N- 15 

(3 - phenyl - 1,2,4 - oxadiazol - 5 - yl)glycinamido]Iactacillanic acid (95 mg.) as 
powder. 

IJL absorption spectrum, 

vem" 1 (Nujol): 1738, 1680, 1618 

20 Example 521. 20 

3-(2-Phenylacetamido)lactacillanic acid (0.19 g.) was suspended in methanol 
(5 mL) } and to the suspension was added an ether solution containing diazomethane 
under ice-cooling, continuing to be added until a color of the diazomethane in the reac- 
tion mixture was not disappeared. The reaction mixture was stirred for 2 hrs. at the 

25 same temperature, and then the reaction mixture was concentrated under reduced 25 

pressure. The residue obtained was dissolved in chloroform, and the solution was washed 
with a sodium bicarbonate aqueous solution, water and a sodium chloride-saturated- 
aqueous solution respectively, and then dried over anhydrous magnesium sulfate. The 
chloroform was distilled off from the solution under reduced pressure to give a residue 

30 which was powdered with ether. The powder was collected by filtration to give 1 - (a- 30 
memoxycarbonyl - 4 - methoxybenzyl) - 3 - (2 - phenylacetamido) - 2 - azetidinone 
(0.12 g.), which was recrystallized from ether to give the purified object compound 
(0.06 g.). Mp 145 to 146°C (dec.). 

Example 522. 

35 3 - [2 - {4 - (3 - Amino - 3 - carboxypropoxy)phenyl} - 2 - hydroxyiminoacet- 35 

amido]lactacillanic add (3.0 g.) was dissolved in a methanol solution (60 ml) contain- 
ing sodium hydroxide (480 mg.). To the solution was added a methanol solution 
(20 ml.) containing methyl acetoacetate (835 mg.), and the mixture was heated for 
6 hrs. at 74°C under stirring. The methanol was distilled off from the reaction mixture, 

40 and to the residue obtained was suspendeded in ethanol (300 mL). The suspension was 40 

stirred for an hour at ambient temperature. The insoluble material was collected by 
filtration and washed with ether to give 3 - [2 - [4 - (3 - carboxy - 3 - (2 - meth- 
oxycarbonyl - 1 - memylvinylamino)propoxy}phenyl] - 2 - hyaroxylminoacetamido]- 
lactacillanic add disodium. salt (1.2 g.). Furthermore, the mother liquor was concen- 

45 trated to give a residue, and to the residue was added ether, and then the powder was 45 

collected by filtration to recover an object compound (2.4 g.). Total yidd was 3.6 g. 
N.M.R. absorption spectrum, 

S^n (D 2 0): 1.8 (3H, s), 2.2 (2H, m), 3.1 (1H, m), 3.8 (2H, m), 3.56 
(3H, s), 4.1 (2H, broad s), 5.0 (1H, m), 5.3 (1H, s), 

50 6.7—7.5 (8H, m). 50 

Example 523. 

3 - [4 - (3 - Benzyloxycarbonyl - 5 - oxo - 1,3 - oxazolidin - 4 - yl)butyramido]- 
Iactacillanic add (200 mg.) was dissolved in methanol (15 ml.), and to the solution was 
added 10% palladium : carbon (50 mg.) as a catalyst. The mixture was reacted in 
55 hydrogen atmosphere at ordinary atm. A theoretical volume of hydrogen gas was intro- 55 

duced into the mixture in 4 hrs. The reaction mixture was subjected to filtration, and 
the filtrate was concentrated under reduced pressure. The residue obtained was pulver- 
ized with acetone and the powder was collected by filtration to give 3-(5-amino-5<arb- 
oxyvalerylaraino)lactadllanic add (97 mg.). 
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N.M.R. absorption spectrum, _ 

J*. (D 2 0, + NaHC0 8 ): 1.64-1.90 (4H, m), 224 (2H, t, J=4Hz), 2.90, 
V 2.94 (1H, d, d, J = 2H„ 6Hz), 3.67 (1H, t, 

J=6Hz), 5.19 (1H, s), 6.79 (2H, d, J = 8Hz), 
5 7.12(2H,d,J=8Hz). 5 

Example 524. 

3 . [2 - [2 - {4 - Chloro - 2 - (4 - mtrobenzoyl)phenoxy}acetamido] - 2 - phenyl- 
acetaimdo] lactacillanic acid (103 mg.) was dissolved in methanol (15 mi). To the 
solution was added 10% palladium : carbon (45 mg.) as a catalyst, and the mixture 
10 was stirred in hydrogen atmosphere. A calculated volume of hydrogen was absorbed into 10 
the mixture in 2.5 hrs. The methanol was distilled off from the reaction mixture, and 
the residue (80 mg.) obtained was washed with ether to give 3 - [2 - [2 - (2 - (4- 
aminobenzoyl) - 4 - chlorophenoxyjacetamido] - 2 - phenylacetamido] lactacillanic 
acid (70 mg.). Mp 150 to 153°C (dec). 

15 Example 525. 15 

3 - [2 - {2 - (2 - Phenoxycarbonylphenoxy)acetamido} - 2 - phenylacetamido]- 
Iactacillanic acid (190 mg.) and 80% hydrazine hydrate aqueous solution (60 mg.) 
were dissolved in methanol (6 mL), and the solution was stirred for 3 hrs. at ambient 
temperature. The methanol was distilled off from the reaction mixture to give a residue 

20 which was powdered with ether. A small amount of ethanol was added to the powder 20 
(180 mg.) and the mixture was stirred for an hour, whereafter an insoluble material 
was collected by filtration to give 3 - [2 - (2 - (2 - hydrazinocaibonylphenoxy)- 
acetamido) - 2-phenylacetamido] lactacillanic acid hydrazine salt (100 mg.). Mp 178 
to 182°C (dec.). 

25 Example 526. 25 

3 . [2 - {4 - (3 - Azidopropoxy)phenyl}acetamido] lactacillanic acid (52 mg.) 
was dissolved in methanol (10 mL). To the solution was added 10% palladium carbon 
as a catalyst, and the mixture was stirred in hydrogen atmosphere. A calculated volume 
of hydrogen was absorbed into the mixture in 1.5 hrs. The catalyst was filtered off from 
30 the reaction mixture, and the methanol was distilled off from the nitrate. The residue 
obtained was treated with acetone to give 3 - [2 - {4 - (3 - aminopropoxy)phenyl}- 
acetamido] lactacillanic acid (38 mg.). 
I.R. absorption spectrum, 

v cm- 1 (Nujol): 1730, 1660, 1610. 

35 . Example 527. 35 

3-(2-EthoxaIylammo-2-phenylacetamido)lactacillanic acid (200 mg.) was dis- 
solved in ethanol (4 ml.), and to the solution was added an ethanol solution (3.5 ml.) 
containing benzylamine (136 mg.), and then the mixture was stirred for 6.5 hrs. at 
ambient temperature. The reaction mixture was concentrated to give a residue which 

40 was poured into a mixture of water and ethyl acetate. IN-Hydrochloric acid (1 mL) 40 
was added to the mixture, and then the ethyl acetate layer was separated out and 
washed with 1% hydrochloric add and water respectively. The ethyl acetate layer was 
dried over anhydrous magnesium sulfate whereafter the solvent was distilled off from 
the solution to give a residue which was washed with diisopropyl ether to give crystals 

45 (160 mg.). The crystals were recrystallized from a mixture of acetone and ethyl acetate 45 

to give crystals of 3 - [2 - (N - benzyloxamoyl) amino - 2 - phenylacetamidojlacta- 
riilanic add (70 mg.). Mp 149 to 154°C (dec.). 

Example 528. 

An acetone solution (2 ml.) containing 2-phenylacetyIchloride (240 mg.) was 
50 added dropwise to a mixture of 3-guam'dinocarbonylaminolactacillanic add (160 mg.), 50 
Q.lN-potassium hydroxide aqueous solution (10 mL), sodium bicarbonate (130 mg.), 
water (5 mL) and acetone (10 ml.) at 0 to 5°Q and the mixture was stirred for 3.5 hrs. 
at the same temperature to give crystals of 3 - [3 - (2 - phenylacetyl)guanidino- 
carbonylamino] lactacillanic add (120 mg.). Mp 159 to 161°C (dec.). 

55 Example 529. 55 

3- [2-(4-Formylphenoxy)acetamido] lactacillanic add (200 mg.) was dissolved in 
O.lN-sodium hydroxide aqueous solution under ice-cooling. To the solution was added 
sodium borobydride (20 mg.), and the mixture was stirred for 50 minutes. Acetone 
(0.5 ml.) and ethyl acetate (10 mL) were added to the reaction mixture, and then the 

60 mixture was adjusted to pH 1 to 2 with lN-hydrochloric add. The ethyl acetate layer 60 
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was separated out, and washed with water and a sodium chloride aqueous solution, res- 
pectively, and then dried over anhydrous magnesium sulfate. The solvent was distilled 
off from the solution, and the residue obtained was crystallized from ethyl acetate to 
give 3-[2-(4-hydroxymemyIphenoxy)acetitmido]Iactacillanic acid (110 mg.). Mp 182 
5 to 185°C (dec.). 5 

Example 530. 

3 - [2 - {2 - (2 - Formylphenoxy)acetamido} - 2 - phenylacetamidojlactadllanic 
add (200 mg.) was treated in substantially the similar manner as described in Example 
529 to give 3 - [2 - (2 - (2 - bydroxymethylphenoxy)acetamido} - 2 - phenylacet- 
10 amidojlactacillanic acid (130 mg.). Mp 95 to 101 °C (dec). 10 

Example 531. 

3-(2-Phenyl-2-phenylglyoixyloylanimoacetamido)lactacillanic acid (170 mg.) was 
dissolved in O.lN-sodium hydroxide aqueous solution (3.5 ml.), and to the solution was 
added dropwise an aqueous solution (1 ml) containing sodium borohydride (13 mg.), 

15 and then the mixture was stirred for 40 minutes. To the reaction mixture was added 15 

ethyl acetate (30 ml), and the mixture was adjusted to pH 1 with 10% hydrochloric 
add. The ethyl acetate layer was separted, and the remaining aqueous solution was 
extracted with ethyl acetate (20 ml.). These extracts were combined washed with a 
sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. The 

20 solvent was distilled off from the solution, and the residue obtained was powdered with 20 

ether to give 3-[2-(2-phenylglycolamido)-2-phenylacetamido]lactacillanic acid 
(140 mg.). Mp 90 to 93 °C (dec.). 

Example 532. 

Sodium borohydride (40 mg.) was added to a mixture of 3-[2-(4-formylphenoxy)- 
25 aceiamidojlactadllanic acid (200 mg.), O.lN-sodium hydroxide aqueous solution (5 25 

mL), benzylamine (106 mg.) and ethanol (2 ml.) under ice-cooling, and the reaction 
mixture was stirred for 30 minutes at the same temperature. The reaction mixture was 
washed with ether twice, and adjusted to about pH 4 with 10% hydrochloric acid to 
give an isolating oily material which was separated by decantation. The oily material 
30 was powdered with acetone, and the powder was collected by filtration and washed 30 

with acetone to give 3-[2-(4-berizyIarnmomethylphenoxy)acetamido]lactadllamc add 
(105 mg.). Mp 172 to 177°C (dec). 

Example 533. 

3-[2-{4-(l- Benzyloxycarbonylamino - 1 - methoxycarbonylmethyl)phen- 
35 oxy}acetamido]lactacillanic acid (200 mg.) was dissolved in methanol (15 ml.). To 35 

the solution was added 10% palladium carbon (35 mg.) as a catalyst, and the mixture 
was reacted for 2 hrs. in hydrogen atmosphere at ordinary temperature and ordinary 
atm. After a calculated volume of hydrogen was absorbed into the mixture, the catalyst 
was filtered off from the reaction mixture, and then the filtrate was concentrated under 
40 reduced pressure. The residue obtained was powdered with acetone and treated with 40 

acetone to give 3 - [2 - {4 - (1 - amino - 1 - methoxycarbonyImethyl)phenoxy}- 
acetamidoJlactadUanic acid (90 mg.). Mp 190 to 194°C (dec). 

Example 534. 

3 - [2 - {4 - (2 - Benzyloxycarbonylamino - 2 - methoxycarbonylethyl)phenoxy}- 
45 acetamidojlactacillanic acid (1.35 g.) was dissolved in lN-sodium hydroxide aqueous 45 

solution (6.7 ml.), and the solution was stirred for an hour at ambient temperature. A 
small amount of ^ water was added to the reaction mixture, and then the solution was 
washed with ethyl acetate, whereafter the aqueous solution was adjusted to pH 1 with 
lN-hydrochloric add. The solution was extracted with ethyl acetate and the ethyl acetate 
50 layer was separated out, and washed with water and then dried over anhydrous magne- 50 

sium sulfate. The solvent was distilled off from the solution, and the residue was crystal- 
lized from chloroform to give crystals of 3-[2-{4-(2-benzyloxycarbonylamino-2-carb- 
oxyethyl)phenoxy)acetamido]laaacillanic add (1.07 g.). Mp 125 to 130°C (dec). 

Example 535. 

55 3 - [2 - (4 - (1 - Benzyloxycarbonylamino - 1 - methoxycarbonylmethyl)phen- 55 

oxy}acetamido]lactacillanic add (118 mg.) was dissolved in O.lN-sodium hydroxide 
aqueous solution (4 ml.), and the solution was stirred for 2 hrs. at ambient temperature. 
Subsequently, O.lN-hydrochloric acid (4 ml.) was added to the reaction mixture, and 
then the solution was extracted with ethyl acetate. The extract was washed with water 

60 and dried over anhydrous magnesium sulfate. The solvent was distilled off from the ' 60 
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solution, and the residue was crystallized from a small amount of acetone. The crystals 
were treated with ethyl acetate to give crystals of 3-[2-{4-(l-bcnzyloxycarbonylarnino- 

1- carboxymethyl)phenoxy}acetamido]lactaciUanic acid (30 mg.). Mp 134 to 138°C 
(dec.). 

Example 536. 

2-(4-BcnzyloxyphcnyI)-2-(2,2-dichloroacetoxyimino) acetic acid (0.382 g.) was 
suspended in benzene (7 ml.) and the suspension was cooled to 0 to 5°C. To the 
suspension was added all at once phosphorus pcntachloride (0.250 g.), and the mixture 
was stirred for an hour at the same temperature. The benzene was distilled off from the 
mixture under reduced pressure under water-cooling. Benzene (7 ml.) was added to the 
residue, and the benzene was distilled off from the solution under reduced pressure, and 
this operation was repeated three times. The residue obtained was dissolved in dried 
methylene chloride (10 ml.). On the other hand, 3-aminoIactacillanic acid (0.236 g.) 
was suspended in dried methylene chloride (20 ml.), and to the suspension was added 
NjO-biXtrimethylsilyOacetamide (0.87 g.), and the mixture was stirred for a while at 
ambient temperature. This solution was added to the methylene chloride solution 
obtained above under cooling at 0 to 5°C in 30 minutes, and the. reaction mixture was 
stirred for an hour at the same temperature. The reaction mixture was washed with 
water, and concentrated under reduced pressure to give a residue. Ethyl acetate and 5% 
sodium bicarbonate aqueous solution were added to the residue, and the mixture was 
stirred enough. The aqueous layer was separated out, and adjusted to pH 1 to 2, and 
then extracted with ethyl acetate. The ethyl acetate layer was separated out and dried 
over anhydrous magnesium sulfate. The solvent was distilled off from the layer obtained 
under reduced pressure to give an oily residue which was washed with ether and 
powdered with chloroform. The powder (108 mg.) obtained was dissolved in acetone 
(2 ml.), and to the solution was added an aqueous solution (1.2 ml.) containing sodium 

2- ethylhexanate (612 mg.). To the mixture was added ether (3 ml.) to give a powder 
which was collected by filtration. The powder was washed with ether and dissolved in 
water. The aqueous solution was adjusted to pH 1 to 2 with diluted hydrochloric aad,, 
and then the solution was extracted with ethyl acetate. The extract was washed with 
water and dried over anhydrous magnesium sulfate. The solvent was distilled off from 
the solution, and the residue was crystallized from chloroform to give crystals of 3-[2- 
(4-benzyloxyphenyl)-2-hydroxyiinino]lactacillanic acid (95 mg.). Mp 137 to 140 C 

^^The following compounds were obtained in substantially the similar manner as 
described above. 
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Example 540. 

3 - (2 - Phenylacetamido) - 1 - (a - methoxycarbcnyl - 3 - benzyloxycarbonyl- 
aminobenzyl) - 2 - azetizinone (14 mg.) was dissolved in isopropyl alcohol (4 mL), 
and 10% palladium : carbon (10 mg.) was added as a catalyst to the solution. The 
5 reaction mixture was subjected to reaction in hydrogen stream at 50° C under ordinary 5 

atmosphere. A calculated volume of hydrogen gas was absorbed into the reaction mix- 
ture in an hour. The catalyst was removed by filtration, and the filtrate was concen- 
trated to give oily 3-(2-phenylacetamido)-l-(a-metiK>xycarbonyl*3-ainiiioben2yl)-2- 
azetidinone (7 mg. ) . 

10 I.R. absorption spectrum, 10 

v on" 1 (CHCU) : 3425, 1755, 1745, 1675, 1620 

Example 541. 

3 - [2 - [2 - [4 - Chloro - 2 - {4 - (2 - cmoroacetarnido)benzoyl}phenoxy] acet- 
amido] - 2-phenylacetamido]lactaciJlanic acid (150 mg.) and 30% trimemylamine 

15 aqueous solution (160 mg.) was dissolved in methanol (4 mL), and the solution was 15 

stirred at.50°C for 1.5 hrs. 30% Trimethylamine aqueous solution (160 mg.) was added 
to said solution four times, respectively every an hour. The solvent was distilled off 
from the reaction mixture, and the residue was washed with acetone, whereafter water 
(5 ml.) was added to the residue (150 mg.), and the mixture was stirred for 30 minutes. 

20 The insoluble material was collected by filtration, and acetone (10 mL) was added to ZU 
the material. The mixture was stirred for 30 minutes and the insoluble material was 
collected by filtration to give crystals of N - [N - [4 - [3 - chloro - 2 - [N - [1- 
[N - {1 - (er - carboxy - 4 - hydroxybenzyl) - 2 - oxo - 3 - azetidinyl}carbamoyl] - 1- 
phenylmethyl] carbamoylmethoxy ] benzoyl] phenyl] carbamoylmethyl] - N,N,N - tn- 

25 memylarnmonium chloride (120 mg.).Mp 214 to 220°C (dec), 25 

Example 542. 

3 . [2 - {4 - (3 - Amino - 3 - carboxypropoxy) phenyl} - 2 - hydroxyiminoacet- 
amido]lactacillanic acid (1.0 g.) was dissolved in a mixture of lN-sodium hydroxide 
aqueous solution (4 mL) and water (20 mL). A methanol solution (4 ml.) containing 

30 methyl acrylate (0.34 g.) was added to said solution little by little, and the mixture was 30 
stirred for 5.5 hrs. under ice-cooling. The reaction mixture was adjusted to pH 3 with 
10% hydrochloric acid, and then precipitated crystals were collected by filtration. The 
crystals were dissolved in a small amount of a sodium bicarbonate aqueous solution, 
whereafter the solution was adjusted to pH 3 with 10% hydrochloric acid. The precipi- 

35 tated crystals in the aqueous solution were collected by filtration to give crystals of 35 
3 - [2 - [4 - (3 - carboxy - 3 - (2 - memory carbonylethylairurio )propoxy}phenyl] - 2- 
hyu^oxyinomoacetantidojlacmcillanic acid (0.57 g.). Mp 175 to 179°C (dec.). 

Example 543. 

3 - [2 - {2 - Oxo - 3 - (2 - phenylacetamido) - 1 - azetidinyl) - 3 - methylbutyr- 
40 amido] - 2 - azetidinone and benzyl 2 - bromo - 2 - (p - benzyloxyphenyl) acetate 40 

were treated in substantially the similar manner as described in Example 224 to give 
3 . [2 - (2 - Oxo - 3 - (2 - phenylacetamido J - 1 - azetidinyl) - 3 - methylbutyr- 
amido]lactacillanic acid. Mp 160 to 164°C (dec.). 

WHAT WE CLAIM IS :— 
45 1. A compound of the formula: 45 



■71 



(I) 



or its salt 
wherein 

Ki is amino or acylamino, 

50 A is hydrogen, 50 

a saturated or unsaturated normal aliphatic hydrocarbon residue, which is substi- 
tuted by at least one substituent of carboxy or its derivatives, cyano, hydroxy and amino, 
an unsaturated branched aliphatic hydrocarbon residue which is substituted by at 
least one substituent of carboxy, or its derivatives, cyano, hydroxy and amino, or 
55 an aliphatic hydrocarbon residue which is substituted by carboxy or its derivatives 55 

at the first position thereof and by phnyl at the first position thereof whose ring may be ■ 
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substituted by one or more substkuents selected from hydroxy, amino, nitro, alkyl, 
alkoxy, aralkoxy, afkykhio, halogen and sulfo; 

provided that when R x is 2-[4-(3-amino-3-carboxypropoxy)phenyl]-2-hydroxy- 
iminoacetamido, 

5 A is hydrogen, 5 

a saturated or unsaturated normal aliphatic hydrocarbon residue, which is substi- 
tuted by at least one substituent of carboxy or its derivatives, cyano, hydroxy and 
amino, 

an unsaturated branched aliphatic hydrocarbon residue which is substituted by at 
10 least one substituent of carboxy or its derivatives, cyano, hydroxy and amino, or 10 

an aliphatic-hydrocarbon residue which is substituted by carboxy or its derivatives 
at the first position thereof and by phenyl at the first position thereof whose ring may 
be substituted by one or more substituents selected from hydroxy other than 4-hydroxy, 
amino, nitro, alkyl, alkoxy, aralkoxy, alkylthio, halogen and sulfo, 
15 when 15 

Ri is 2-(2-nitrophenoxy)acetamido or 2-(2-nitrophenoxy)-2-methylpropionamido, 

A is a saturated or unsaturated normal aliphatic-hydrocarbon residue which is sub- 
stituted by at least one substituent of carboxy or its derivatives, cyano, hydroxy and 
amino, 

20 an unsaturated branched aliphatic hydrocarbon residue, which is substituted by at 20 

least one substituent of carboxy or its derivatives, cyano, hydroxy and amino, or 

an aliphatic hydrocarbon residue which is substituted by carboxy or its derivatives 
at the first carbon thereof and by phenyl at the first carbon thereof, whose ring may be 
substituted by one or more substituents selected from hydroxy, amino, nitro, alkyl, 

25 alkoxy, aralkoxy, alkylthio, halogen and sulfo, and 25 
when 

R 1 is phenylacetamido, 
A is hydrogen, 

a saturated or unsaturated normal aliphatic hydrocarbon residue, which is substi- 
30 tuted by at least one substituent of carboxy or its derivatives, cyano, hydroxy and amino, 30 

or 

an aliphatic hydrocarbon residue which is substituted by carboxy or its derivatives 
. at the first position thereof and by phenyl at the first position thereof, whose ring may 
be substituted by one or more substituents selected from hydroxy, amino, nitro, alkyl, 
5 alkoxy, aralkoxy, alkylthio, halogen and sulfo, 35 

when 

A is hydrogen, R x is not formamido, benzyloxycarbonylamino or phthalimido. 
2. A compound of the formula: 



-m 



1 wherein 

Rj is amino or acylamino, and 

A is hydrogen or a group of the formula: 

A, 1 



40 



in which 

1 A* 1 is hydrogen and 45 

A. 8 is hydrogen or phenyl which may be substituted by at least one substituent 

selected from hydroxy, amino, nitro, alkyl, alkoxy, aralkoxy, alkylthio and halogen, or 
A* 1 and A** together form alkylidene, and 
A» 3 is carboxy or its derivatives, or cyano. 

provided that, 50 

when 

R, is 2-[4-(3-ammo-3-carboxypropoxy)phenyll~2^ 

A is not a-carboxy-4-hydroxyben2yl or its derivatives at the carboxy group; 

when 
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R x is 2-(2-nitrophenoxy)acetamido, 2-(2-nitrophenoKy)-2-methylpropionamido > 
formamido, benzyloxycarbonylamino or phthalimido, 
A is a group of the formula: 



10 



■V 
in which 

A. 1 , Aa* and AJ* are as defined above; and 
when 

R x is phenylacetamido, 

A is hydrogen, or a group of the formula: 



A.' 
in which 

A a J is hydrogen, t 
Aa a is hydrogen or phenyl which may be substituted by at least one substituent 
selected from hydroxy, amino, nitro, alkyl, alkoxy, aralkoxy, alkykhio, and halogen, and 
15 A« 3 is as defined above. m 15 

3. A compound according to claim 2, wherein Ri is amino or acylamino excepting 
2- ( 2-nitrophenoxy ) acetamido, 2-(2-mtrophenoxy)-2-methylpropionamido, formamido, 
benzyloxycarbonylamino and phthalimido, and A is hydrogen. 

4. A compound according to claim 3, wherein R t is aralkanoylamino or aryloxy- 

20 alkanoylamino. m 20 

5. A compound according to claim 4, wherein Ri is phenylacetamido or phenoxy- 
acetamido. 

6. A compound according to claim 2, wherein R t is acylamino, and A is a group of 
the formula: — CH 2 — A a 3 , in which A* 1 is as defined in claim 2. 

25 7. A compound according to claim 6, wherein Ri is aralkanoylamino. 25 

8. A compound according to claim 7, wherein Ri is phenylacetamido, and A» 3 is 
carboxy or its derivatives. 

9. A compound according to claim 7, wherein Ri is phenylacetamido, and A, 3 is 
cyano. 

30 10. A compound according to claim 2, wherein 

R t is amino or acylamino excepting phenylacetamido, and 
A is a group of the formula: 

A* 1 



45 in which t . , . . 

A»" is phenyl which may be substituted by at least one substituent selected from 
hydroxy, amino, nitro, alkyl, alkoxy, aralkoxy, alkylthio and halogen, and 

A» 3 is carboxy or its derivatives, 
provided that, 



30 



in which 35 
35 A* 1 and A** together form alkylidene, and 

A» 3 is carboxy or its derivatives. t 

11. A compound according to claim 10, wherein Ri is ammo or aryloxyalkanoyl- 
amino. _ 

12. A compound according to claim 11, wherein R x is ammo or phenoxyacetamido, 

40 and A is l-carboxy-2-methyI-l-propenyl or its derivative at the carboxy group. w 

13. A compound according to claim 2, wherein 
R t is amino or acylamino, and 

A is a group of the formula: 

— CH— V 



45 
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when 

R t is 2- [4-(3-aniino-3-carboxypropoxy)phenyl] -2-hydroxyimmoacetamido, 
A is not aH^irboxy-4-hydroxybenzyl or its derivative at the carboxy group. 
14. A compound according to claim 13, wherein A** is phenyl. 
5 15. A compound according to claim 13, wherein A a 3 is hydroxyphenyl, provided 5 

that when R x is 2-[4-(3-aniko-3-carbc*ypropoxy)phenyI]-^^ 
A** is not 4-hydroxyphenyL 

16. A compound according to claim 15, wherein Ao 2 is 4-hydroxyphenyl, provided 
that R x is not 2- [4-(3-amino-3-carboxypropoxy)pheny]) -2-hydroxyiminoacetamido. 
*° 17. A compound according to claim 13, wherein A** is aminophenyl. 10 

18. A compound according to claim 17, wherein A.* is 3-aminophenyL 

19. A compound according to claim 13, wherein A** is nitrophenyl. 

20. A compound according to claim 19, wherein A ft * is 3 -nitrophenyl. 

21. A compound according to claim 13, wherein Aa* is alkylphenyl. 

15 22. A compound according to claim 21, wherein A» B is 4-methylphenyL 1 5 

23. A compound according to claim 13, wherein A. 1 is alkoxyphenyl. 

24. A compound according to claim 23, wherein Aa* is 4-methoxyphenyl. 

25. A compound according to claim 13, wherein A» 2 is trialkoxyphenyl. 

26. A compound according to claim 25, wherein is 3,4,5-trimethoxyphenyl. 

20 27. A compound according to claim 13, wherein A» 2 is aralkoxyphenyl. 20 

28. A compound according to claim 27, wherein A»* is 4-benzyloxyphenyl. 

29. A compound according to claim 13, wherein A a 3 is alkylthiophenyL 

30. A compound according to claim 29, wherein Aa* is 4-methylthiophenyL 

31. A compound according to claim 13, wherein A» a is halo- and hydroxy-phenyl. 

25 32. A compound according to claim 31, wherein A.* is 3-bromo-4-hydroxyphenyL 25 

33. A compound according to claim 13, wherein Aa* is dihalo- and hydroxy-phenyl. 

34. A compound according to claim 33, wherein A ft a is 3,5-dichlonM-hydroxy- 
phenyL 

35. A compound according to claim 33, wherein A* 2 is 3 3 5-dftromo-4-hydroxy- 

3° phenyl. • 30 

36. A compound according to claim 13, wherein 
A is as denned in claim 13, and 

Ri is a group of the formula: 

R* 
\ 
N— 

35 wherein 35 
Ra. and R b are each hydrogen; 
Rn is hydrogen and 
Rb is arenesulfonyl; 

Ra and Rb together form a bivalent acyl group derived from a dicarboxylic acid; or 
40 Ra is hydrogen and 40 

R»is 

4-aminobenzoyl, 
3,5-diaminobenzoyl, 

2- [4-(2-chloroacetyi) phenyl] acetyl, 

45 3-phenylacryloyI, 45 

4-f2-phenoxyacetamido)benzoyl, 

3- (2-chlorophenyl)-5-methyl-4-isoxazoIccarbonyl, 
2,2-dimethyIpropionyI, 

3- ( 3 -oxo- l,2-oxa2olidin-4-yl ) carbamoyl, 
50 3-methylthioacryloyI, 50 

2 - [2 - [4 - chloro - 2 - {4 - (2 - bromoacetamido)benzoyl}phenoxy] acetamido] - 
2 - phenylacetyl, 

2 - [2 - berizyloxyimino - 2 - (4 - methoxyphenyl)acetamido] - 2 - phenylacetyl, 
2 - [4 - (4 - cWoroanilinomethyl)phenoxy] - 2 - methylpropionyl, 
55 2 - [2 - [4 - chloro - 2 - [4 - {2 - (2 - pyridylthio)acetamido}benzoyl]phenoxy]- 55 

acetamido] - 2 - phenylacetyl, or 
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an acyl group selected from the following groups: — 



arvl 

which may be substituted by at least one suitable substituent selected from hydroxy, 
nitro, carboxy, halogen and arenesulfonamido which may have at least one substituent 



selected from carboxy and hydroxy; 
a heterocyclic radical; 



n is an integer 0—4, 

Rt 1 is hydrogen; or carboxy or its derivative; , J£ , 

R„ 4 is hydroxy; halogen; azido; ammo; an aliphatic radical-amino selected from alkyl- 
amino, alkenylamino and cycloalkylamino; arylamino; acylamino selected from 
alkanoylarnino, alkoxy(thiocarbonyl) amino, aryloxyalkanoylamino, aralkanoyl- 
amino, heterocyclicalkanoylamino and aroylamino; N'-arylureido; N-arylthio- 
ureido; or aiylthio; , - 

is hydrogen; hydroxy; amino; arylamino; acylamino selected from alkanoylamino, i 
alkoxy(tiuocarbonyl) amino, and aroylamino, N'-arylureido; or N'-aryttmoureido; 
Rb* is hydrogen, or . . 

R*» and R** together form oxo; hydroxyirmno; or alkoxyumno, 
in which the aliphatic hydrocarbon moiety may be substituted by at least one suitable 
substituent of carboxy or its derivative, halogen and sulfo, and the aryl and heterocyclic 1 
ring may be substituted by at least one suitable substituent or nitro, halogen, carboxy 
or its derivative; 

(ii) R b c — O-CO— : 

il 

Rt7^ C oxo; hydroxynnino; or substituted hydroxyimino selected from alkoxyunino and 2 
aralkoxyimino; 

R b ° is cyano; alkyl; aryl; heterocyclic radical; alkylamino; aralkylammo; or alkoxy; 
in which the alkyl moiety may be substituted by at least one suitable substituent selected 
from hydroxy and carboxy or its derivative, and the aryl and heterocyclic ring may be 
substituted by at least one substituent of hydroxy, alkoxy which may have carboxy or i 
its derivative, alkenyloxy and aralkoxy. 

(iii) Ri/ — CO—: 
in which 

R b J is aryl; aryloxy; aralkyloxy; arylamino; a heterocyclic radical; guanidino; or ^ 

3-aralkanoylguanidino; , . , . . . 

in which an aryl and a heterocyclic radical may be substituted by at least one suitable 
substituent of nitro, halogen, alkyl and alkoxy, and 

( iv) R 1( »_ (CH s ) fl -CH— (CH 2 ) n --Ca-: 

in which ^ 

n 2 and n s are each 0 or an integer 1—4, , . 

Rt 8 is hydrogen; alkyl; aryl; aryloxy; a heterocychc radical; or N-arylcarbamoyl, 
in which the aryl and heterocyclic radical may be substituted by at least one suitable 

Rb'ls^ctogen; amino; azido; halogen; hydroxy; carboxy or its derivative; sulfo; aryl- 

sulfo ; an aliphatic radical selected from alkyl and alkenyl, « 
which may be substituted by at least one suitable substituent selected from ammo, 
protected amino, azido, halogen, hydroxy, carboxy or its derivative, sulfo, aroyl, N-alkyl- 
N-arylamino, aryl, substituted aryl, a heterocyclic radical and a substituted heterocyclic 
radical; 



A 
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an alkyl-heterocyclic radical; 

an aryl-heterocyclic radical; 

a heterocyclic-heterocyclic radical; 

a hetKirxydic-alkanoyl-amino-hetenx^clic radical; 

5 an aralkanoylamino-heterocyclic radical, 5 

in which an aryl and heterocyclic rings may have at least one suitable substituent selected 
from oxo and halogen; 

aroyl; v 

aliphatic radical-oxy selected from alkoxy, and cycloalkyloxy, 
10 which may be substituted by at least one suitable substituent; 10 

aryloxy 

whose aryl ring may be substituted by at least one substituent selected from nitro, 
halogen, alkanoyl, alkanoylamino, aryl, aralkylamino, and an aliphatic radical selected 
from alkyl and alkenyl, in which the aliphatic radical may be substituted by at least one 
15 suitable substituent selected from carboxy or its derivative, amino, hydroxy, nitro, 15 

bydroxyimino, alkoxyimino [in which the alfcane moiety may be substituted by carb- 
oxy], (N-halo-NjNjN-trialtylanimonw^ and alkyltm^alkanoylamino, 
in which an alkyl-thio moiety may be substituted by at least one suitable substituent 
selected from amino and carboxy; 

20 heterocyclic-oxy; 20 

alkylthio; 
alkenyltbio; 

aroylalkanoylamino-alkylthio ; 

acyl-aliphatic radical-thio selected from aroylalkylthio and N-arylcarbamoyl- 
25 alkylthio 25 
which may have at least one suitable substituent selected from halogen and nitro; 
alkylsulfinyl; 

N-arylcarbamoylalkylsulfinyl ; 
arylthio 

30 which may be substituted by carboxy; 30 

heterocyclic-thio ; 
aminoalkyl-heterocyclic-thio ; 

alkanoylaminoalkyl-heterocyclic-thio 
which may be substituted by hydroxy; 

35 arylamino 35 
which may be substituted by at least one suitable substituent selected from oxo-substi- 
tuted heterocyclic-amino; 

aryl-heterocyclic-amino ; 

mono- or di-substituted amino selected, from alkylamino, N-alkyl-N- (protected 
40 carboxy) -amino, N-alkanoyl-N-arylamino, N-alkyl-N-arylamino, 40 

in which an aliphatic hydrocarbon moiety may have at least one suitable substituent 
selected from azido and carboxy, and N-alkanesulfonyl-N- arylamino; 

acylamino selected from: — 

alkanoylamino, 

45 which may be substituted by at least one suitable substituent selected from halogen and 45 

amino; 

cycloalkyloxy alkanoylamino, 
which may be substituted by at least one suitable substituent; 

alkylthioalkanoylamino; 

50 in which an aliphatic hydrocarbon moiety may be substituted by at least one suitable 50 

substituent selected from amino, halogen and carboxy; 



10 



1,519,495 171 

alkoxy-aralkatioylamino; 

aryloxy-aralkanoylamino, 
in which an aliphatic hydrocarbon moiety and an aryl ring may have at least one suit- 
able substituent selected from halogen, aralkoxyimino, arylamino, amino and hydroxy; 

arylaniinoalkanoylamino, , 5 

in which an aryl ring and an aliphatic hydrocarbon moiety may be substituted by at 
least one suitable substituent selected from halogen, carboxy and amino; 

aryloxyalkanoylamino, . 
which may be substituted by at least one suitable substituent of halogen, mtro, carboxy, 
forroyl and carbazoyl. 

alkyl-aryloxyalkanoylaraino, 
which may be substituted by hydroxy; 

ary 1-ary loxya lkan oy lam in o ; 

aralkyl-aryloxyalkanoylamino, 
which may be substituted by at least one suitable substituent selected from hydroxy- 15 
imino and halogen; 

f onnyl-aryloxyalkanoy lamino ; 
a Lkanoyl- ary loxyalkan oy lam ino ; 

aroyl-aryloxyalkanoylamino . . _ n 

which may be substituted by at least one suitable substituent selected from rutro, ammo 
and halogen; 

alkylthioalkanoylaminoaroyl-aryloxyalganoylamino, 
which may be substituted by at least one suitable substituent selected from halogen, 
amino and carboxy; 

alkyltk^alkylaminoaroyl-aryloxyalkanoylamino, 
which may be substituted by at least one suitable substituent selected from amino and 
halogen; 

(N-halo-N,N,N-crialkylammonio)alkanoylaminoaroyl-aryloxya lkan oy lamino 
which may be substituted by halogen; 

heterocyclic-carbonyl-aryloxyalkanoylamino, 30 
which may be substituted by halogen; 

aralkylaminoalkyl-aryloxyalkanoylamino, 
which may be substituted by at least one suitable substituent of alkoxy, carboxyalkoxy 
and carboxy; 

heterocyclic-aryloxyalkanoylamino, m ^5 

in which a heterocyclic ring may be substituted by at least one suitable substituent 
selected from alkyl, aryl and haloaryl, and the alkane moiety may be substituted by at 
least one suitable substituent selected from halogen and amino; 

diaryloxyalkanoylamino, 

in which an aliphatic hydrocarbon moiety may be substituted by at least one suitable 40 
substituent selected from halogen and amino; 

arylthioalkanoyl amino, 
which may be substituted by carboxy ; 

heterocyclic-aliphaticacylamino, 
in which the heterocyclic radical may have at least one suitable substituent selected from 45 
alkyl, aryl which may have a halogen substituent, and the aliphatic hydrocarbon moiety 
may have at least one suitable substituent selected from halogen and amino; 
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heterocychc-heterocyclic-alkanoyl; 

heterxKyclic-thioalkanoylamino 
which may be substituted by at least one suitable substituent selected from hydroxy, 
amino, and alkyl which may have at least one substituent; 

5 aralkanoylajmno-alkanoylamino, 5 

in which aliphatic hydrocarbon moiety and/or aryl ring may be substituted by at least 
one suitable substituent selected from amino, halogen and carboxy; 

aryisulfiuylalkanoylaminoj 
which may be substituted by carboxy; 

10 arylsulfoalkanoylamino; 10 

(N-aryl-N-arylsulf onylamino ) alkanoy lamina ; 
ary Iglyoxyloylamino ; 
aikoxalylamino; 
aralkylaminooxalylamlno ; 

15 N-arylcarbamoyl; 1 5 

guanidinocarbonylamino; 

arenesulfonamido or alkanesulfonamido, 
which may have at least one suitable substituent selected from hydroxy, carboxy and 
halogen; 

20 N'-aroylureido; 20 

substituted amino oxy selected from: — 

aryloxyalkanoyiaminooxy; 

alkyu'deneaminooxy; 

heterocyclic-alkylideneaminooxy; and 
25 axalkyh'deneaminooxy 25 

which may have at least one suitable substituent selected from carboxy or its derivative, 
aUcoxy, 

in which the aryl and heterocyclic ring may be additionally substituted by at least one 
suitable substituent selected from carboxy or its derivative, amino or protected amino, 

3Q hydroxy or protected hydroxy, halogen, nitro, oxo, carbazoyl, alkanoyl, alkyl, alkoxy, 30 

aryl, aralkyl, alkanoylamino; and in all of the above groups, any aliphatic moiety or 
radical may comprise 1 — 8 carbon atoms, preferably 1 — 4 carbon atoms and may be 
additionally substituted by at least one suitable substituent selected from carboxy or its 
derivative, amino or protected amino, azido, nitro, halogen, hydroxy, sulfo; further, in 

35 the above definition, a heterocyclic radical is intended to mean mono-aliphatic or aro- 35 

made heterocyclic radical, which may be a 5 — 7 membered heterocycle containing at 
least one hetero atom selected from oxygen, nitrogen and sulfur, and a poly-aliphatic 
or aromatic heterocyclic radical, for example, a benzene-fused heterocyclic radical, a 
heterocycle-fused aryl radical, a heterocycle-fused heterocyclic radical and the like, in 

40 which the heterocyclic moiety may be a 5 — 7 membered heterocycle containing at least 40 
one beteroatom selected from oxygen, nitrogen and sulfur. 
37. A process for preparing a compound of the formula: 



-M — A 



wherein 

45 R/ is acylamino, and 

A is hydrogen, 

a saturated or unsaturated normal aliphatic hydrocarbon residue, which is substi- 
tuted by at least one substituent of carboxy or its derivatives, cyano, hydroxy and amino, 
a saturated branched aliphatic hydrocarbon residue which is substituted by at least 
50 one substituent of carboxy or its derivatives, cyano, hydroxy and amino, 
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an unsaturated branched aliphatic hydrocarbon residue which is substituted by at 
least one substituent of carboxy or its derivatives, cyano, hydroxy and amino, or 

an aliphatic hydrocarbon residue substituted by carboxy or its derivatives at the 
first position thereof and by phenyl at the first position thereof, which may be substi- 
5 tuted by one or more substituents selected from hydroxy, amino, nitro, aficyl, alkoxy, 5 

aralkoxy, alkylthio, halogen and sulfo; 
which comprises reacting a compound of the formula: 

wherein A is as defined above, with an acylating agent. 
10 38. A process for preparing a compound of the formula: 10 



J — N-; 



wherein R/ is as defined in claim 37 and A' is as defined in "A" of the claim 37 
excepting hydrogen, which comprises reacting a compound of the formula: 



V 



• M 

/ 

15 wherein R/ is as defined in cfaim 37, with a N-substituting agent of the formula: 15 

A' — X 

wherein A' is as defined above and X is an acid residue. 

39. A process for preparing a compound of the formula: 



20 wherein A is as defined in claim 37, which comprises subjecting a compound of the 20 
formula: 

i, 



"TJ 

J N— / 



0 

wherein R/ is as defined in claim 37 and A is as defined in claim 37, to elimination 
reaction of the acyl group as herein defined. 
25 40. Azetidinone derivatives of formula (I) as defined in claim 1 and salts thereof 25 

substantially as hereinbefore described in any one of the Examples. 

41. The processes for preparing azetidinone derivatives of formula (I) as defined . 
in claim 1 and salts thereof substantially as hereinbemorc described in any one of the 
Examples. 
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